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The  Third  U.S. -Japan  Workshop  on  Dielectric  and 
Piezoelectric  Materials  was  held  in  Toyama,  Japan,  November  9-12, 
1986.  There  were  approximately  85  attendees,  25  from  the  U.S. 
and  60  from  Japan.  A  large  percentage  (AN  75)  of  the  Japanese 
representatives  were  from  industry,  while  industrial 
representation  in  the  U.S.  delegation  was  quite  small  (AN  20%). 
The  purpose  of  this  series  of  workshops  has  been  the  fostering  of 
an  exchange  of  scientific  information  between  individual 
researchers  from  the  two  countries.  To  this  end,  the  Workshop 
was  organized  to  provide  as  much  time  as  possible  for  informal 
discussions . 


Other  than  for  two  invited  review  presentations  by  Professor 
Eric  Cross  and  Professor  Noboru  Ichinose,  the  papers  consisted  of 
a  four  minute  summary  and  a  poster  presentation  by  each  attendee. 
The  attendees  were  asked  to  present  the  results  of  recent 
research  rather  chan  review  material.  Copies  of  the 
abstracts  of  each  of  the  papers  as  well  as  the  material  presented 
in  the  posters  are  included  in  a  later  section  of  this  report. 

In  addition  to  the  poster  pap^rte ,  four  roundtable  discussion 
sessions  were  held  in  paralla^^  These  roundtable  discussions 
were  held  in  the  areas  of  dielectrics .  piezoelectrics . 
processing,  and  mechanical  properties. N  Discussion  leaders  from 
the  U.S.  and  Japan  supplied  topics  and  helped  to  guide  the 
conversations.  Finally,  a  meeting  for/U.S.  attendees  only  was 
held  in  Japan  at  the  close  of  the  Workshop  to  discuss  what  was 
learned  regarding  the  important  new  areas  of  Japanese  research 
and  development  as  well  as  the  industrial  and  economic  aspects  of 
these  materials.  In  addition  many  of  the  U.S.  attendees  visited 
government^  university,  and  industrial  research  laboratories, 
both  before  and  after  the  formal  portion  of  the  Workshop.  In 
some  instances,  these  trips  were  arranged  by  the  individual,  but 
there  were  tour  series  set  up  by  the  Japanese,  as  well. 

The  value  of  this  series  of  workshops  on  dielectric  and 
piezoelectric  materials  to  the  United  States  is  twofold: 

First,  the  discussions,  both  formal  and  private,  have 
provided  a  source  of  new  research  ideas  for  the  individual 
scientist.^  In  a  number  of  instances,  these  ideas  have  evolved 
into  new.airections  for  research  as  well  as  collaborative 
programs  with  the  Japanese. 

^Second,  the  collective  knowledge  gained  by  the  U.S. 
attendees,  individuals  having  many  different  areas  of  expertise, 
has  aided  the  Navy  in  focussing  on  the  newest  and  most  important 
research  directions  which  the  Japanese  are  taking  on  these 
materials.  It  is  clear  that  the  components  and  devices  based  on 
these  materials  have  played  an  ever  increasing  role  in  Naval 
applications  as  well  as  the  U.S.  technology  as  a  whole.  A  • 

summary  of  the  newest  areas  of  Japanese  research  and  development 
on  these  dielectric  and  piezoelectric  materials  is  presented  in 
the  next  section  of  this  report. 


Based  upon  the  successful  exchange  of  information  in  the 
previous  three  Workshops,  we  have  made  preliminary  plans  to  hold 
a  fourth  meeting  in  the  United  States  in  the  Fall  of  1988. 

The  tentative  arrangement  is  that  this  Workshop  would  be  held  at 
the  National  Bureau  of  Standards  in  Gaithersburg,  MD.  We  do  have 
a  number  of  suggested  changes  in  the  format  of  the  meeting,  which 
we  believe  will  increase  its  value  to  both  the  Navy  as  well  as 
U.S.  industry: 

1.  The  post-Workshop  meeting  for  the  U.S.  attendees  should 
be  lengthened  considerably,  perhaps  to  as  much  as  half  a  day. 

This  meeting  provides  a  way  to  obtain  a  collective  view  of 
Japanese  R&D  from  the  perspectives  of  industrial,  university,  and 
government  researchers.  We  should  take  this  opportunity  to  help 
form  an  overall  picture  of  where  the  Japanese  are  going  in  terms 
of  their  developments  in  dielectric  and  piezoelectric  ceramics. 

2.  In  connection  with  the  above,  we  should  make  a  much 
stronger  attempt  to  encourage  U.S.  industrial  representatives  to 
attend,  and  contribute  to  this  Workshop. 

3.  One  way  of  obtaining  more  industrial  participation  may 
be  to  eliminate  the  formal  plant  visits  which  have  been 
associated  with  this  Workshop  in  the  past.  These  plant  visits, 
however,  can  be  important  sources  of  information.  Thus,  it  is 
suggested  that  such  visits  be  arranged  on  an  individual  basis. 

4.  Any  roundtable  discussion  sessions  should  be  more  highly 
structured.  Individuals  from  both  countries  should  be  asked  to 
prepare  advanced  lists  of  specific  topics  and  questions. 

We  believe  that  these  modifications  should  help  improve  the 
Workshop,  and  help  provide  an  even  greater  exchange  of 
information. 


DIELECTRIC  AND  PIEZOELECTRIC  CERAMICS:  A  PERSPECTIVE  ON  RESEARCH 
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National  Bureau  of  Standards 
Gaithersburg,  MD  20899 


and 


Robert  C.  Pohanka 


Office  of  Naval  Research 
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BACKGROUND 

This  summary  represents  the  observations  and  opinions  of  a 
number  of  material  scientists  regarding  the  current  status  and 
most  exciting  topics  in  Japanese  research  and  development  on 
dielectric  and  piezoelectric  ceramics.  These  scientists  include 
many  of  the  U.S.  attendees  at  the  Third  U.S. -Japan  Workshop  on 
Dielectric  and  Piezoelectric  Materials  held  November  9-12,  1986, 
in  Toyama,  Japan.  The  Workshop  itself  consisted  of  poster 
presentations  by  each  of  the  U.S.  and  Japanese  participants  as 
well  as  four  roundtable  discussion  sessions.  Also,  many  of  the 
U.S.  attendees  visited  Japanese  industrial  and  university 
laboratories  both  before  and  after  the  Workshop. 

The  report  is  divided  into  two  sections,  the  first 
describing  work  on  dielectric  ceramics,  followed  by  a  section  on 
piezoelectric  materials.  A  number  of  application  areas  for  each 
class  of  material  are  discussed. 

D151.ECTEIC? 

The  primary  application  and  certainly  the  current  major 
market  for  ceramics  as  dielectric  materials  is  in  multilayer 
capacitors.  The  focus  of  much  of  the  current  attention  of  the 
Japanese  is  on  capacitors  containing  lower  cost  electrodes.  Two 
types  of  electrode  systems  are  being  considered.  In  the  first, 
capacitor  compositions  are  chosen  in  which  Ag:Pd  electrodes 
containing  a  large  Ag/Pd  ratio  can  be  used.  Lowering  the  Pd 
content  in  the  electrode  reduces  the  cost  of  the  capacitor,  but 
also  reduces  the  temperature  at  which  the  capacitor  must  be  fired 
in  order  to  prevent  electrode  degradation.  These  "low  fire" 
compositions  are  widely  used  in  Japan.  The  second  approach 
involves  the  use  of  Ni  electrodes.  The  stability  of  the  Ni 
electrodes  is  directly  related  to  the  partial  pressure  of  oxygen 
in  the  firing  atmosphere.  These  capacitors  are  doped  with  Ca  to 
achieve  the  correct  stoichiometry  in  the  ceramic,  which  permits 
them  to  be  fired  in  a  low  oxygen  partial  pressure.  The  Japanese 
advances  in  this  area  would  seem  to  have  occurred  primarily 
through  an  experimental  approach.  However,  the  Japanese  have 
made  good  use  of  fundamental  research  carried  out  in  the  U.S., 
Europe,  and  elsewhere.  For  instance,  the  understanding  of  the 
role  of  the  Ca  in  base  metal,  i.e.  Ni,  electrode  compositions  was 


based,  in  part,  on  the  work  of  Professor  Don  Smyth  at  Lehigh 
University . 

Another  area  of  Japanese  activity  in  multilayer  capacitors 
observed  during  plant  visits  to  TDK  Corporation  was  the  screen 
printing  of  dielectrics.  Screen  printing  allows  the  formation  of 
very  thin  layers  of  ceramic,  giving  rise  to  better  homogeneity 
and  reducing  the  tendency  to  bowing  in  thick  specimens  with  a 
large  number  of  layers.  The  improved  homogeneity  results  in  high 
capacitor  reliability.  Mitsubishi  Mining  and  Cement  Corporation 
has  commercialized  this  process. 

The  Japanese  are  also  interested  in  the  use  of  relaxor 
compositions  for  multilayer  capacitors  in  order  to  obtain 
materials  with  a  high  dielectric  constant,  low  firing  temperature 
and  compatibility  to  electronic  packaging  materials.  They 
reported  on  the  properties  of  lead  zinc  niobate  and  suggested 
that  this  material  is  a  promising  candidate  for  capacitor 
applications.  A  major  producer  of  relaxor  materials  is  NEC 
Corporation,  who  can  put  capacitors  directly  on  substrates.  The 
development  of  these  kinds  of  components  involves  understanding 
the  mechanical  compatibility  of  the  capacitors  and  substrates,  as 
well  as  the  processing  behavior  of  materials  having  different 
chemical  compositions  and  physical  properties.  Finally,  private 
discussions  with  individuals  from  Murata  suggest  that  there  may 
be  serious  cracking  problems  in  ceramic  capacitors  made  from 
relaxor  compositions.  It  is  not  completely  clear  at  present 
whether  these  problems  arise  because  of  an  intrinsic  weakness  in 
the  relaxor  materials  or  are  due  to  other  causes  such  as 
processing  defects. 

The  use  of  Pb  injected  electrodes  in  multilayer  capacitors 
was  briefly  discussed.  While  there  are  some  advantages  to  this 
system,  the  Japanese  and  U.S.  representatives  agreed  that  their 
use  is  not  practical. 

There  did  not  appear  to  be  a  great  deal  of  effort  in  Japan 
on  determining  the  mechanical  properties  of  capacitors.  The  one 
paper  in  this  area  was  presented  by  Mr.  Kishimoto  Koumoto  and 
Professor  Yanagida  from  The  University  of  Tokyo.  Based  on  the 
similarity  in  Weibull  distributions,  these  investigators 
concluded  that  a  direct  correlation  exists  between  fracture 
strength  and  dielectric  strength  in  fine  grain  size  barium 
titanate.  The  correlation  for  larger  grain  size  material  was  not 
as  good. 

In  a  related  area,  it  was  reported  that  TDK  has  developed  a 
thermal  shock  testing  technique  which  can  be  used  to  detect 
delaminations  in  capacitors. 

The  other  major  application  for  dielectric  ceramics  is  in 
products  used  at  microwave  frequencies,  e.g.  tuned  waveguides 
used  in  cellular  telephones  and  satellite  television 
communication  systems.  These  waveguides  are  tuned  to  specific 
frequencies  by  varying  the  permittivity  and  dimensions  of  the 
dielectric  resonator.  There  were  four  papers  on  microwave 
applications  presented  by  Japanese  companies  at  the  Workshop.  It 
was  pointed  out  that  the  critical  parameters  for  optimum 
performance  are  a  relatively  high  dielectric  constant  at 
microwave  frequencies,  a  very  high  Q  for  signal  discrimination 


and  to  reduce  power  losses.  A  zero  or  negative  temperature 
coefficient  of  the  resonant  frequency  is  also  required.  Most  of 
the  Japanese  work  appears  to  be  quite  empirical;  compositions  are 
varied  and  properties  determined.  The  work  reported  by  Murata 
was  less  empirical.  In  their  work,  the  dielectric  loss  was 
matched  with  the  infrared  spectra  of  the  materials.  They 
considered  changes  in  properties  based  on  order/disorder  in  the 
structure.  In  the  case  of  the  work  reported  by  Narumi  China 
Corp. ,  the  microwave  properties  were  altered  by  changes  in  the 
crystalline  phases  in  the  material.  The  "optimum"  properties 
reported  by  Narumi  China  were  e'=  38  and  Q  =  9000  at  4GHz ,  and  Tc 
=  2ppm/°C.  It  is  also  apparent  that  the  U.S.  is  doing  virtually 
nothing  in  the  microwave  ceramics  area. 

PIEZOELECTRICS /ELECTROSTRICTIVES 

One  of  the  important  research  topics  on  piezoelectric 
materials  is  in  the  area  of  ceramic/polymer  composites. 
Applications  for  this  relatively  new  class  of  materials  include 
improved  sensitivity  transducers  for  medical  applications,  which 
have  a  better  impedance  match  to  human  tissue,  as  well  as 
improved  loudspeakers.  One  way  of  creating  a  piezoelectric 
composite  with  a  controlled  impedance  is  to  produce  a  material 
having  a  gradient  in  filler  concentration.  There  are 
approximately  five  Japanese  companies  involved  in  piezoelectric 
composite  development.  They  do  not  seem  too  concerned  with  new 
materials  but  are  concentrating  on  producing  known  compositions. 
They  appear  to  be  behind  the  U.S.  in  the  theory  of  piezoelectric 
composites,  but  are  neck  and  neck  on  the  practical  aspects  of  the 
industrial  development  of  these  materials. 

One  of  the  exciting  new  areas  in  which  the  Japanese  are  well 
ahead  of  the  U.S.  is  in  the  development  of  practical 
piezoelectric  and  electrostrictive  actuators  and  motors.  These 
devices  are  based  on  materials  such  as  PZT  and  lead  magnesium 
niobate.  In  general,  these  applications  are  best  formulated  from 
hard  piezoelectric  materials  having  low  hysteresis,  low  aging, 
and  a  high  fracture  toughness.  A  high  Q  increases  the  potential 
efficiency  of  the  motor.  Since  one  wants  the  largest  possible 
strains  in  the  material  for  a  given  applied  voltage, 
piezoelectric  compositions  near  morphotropic  phase  boundaries 
appear  to  be  the  most  attractive. 

There  were  six  papers  on  motors  and  actuators  presented  by 
the  Japanese  at  the  Workshop.  Professor  Kenj i  Uchino  at  Sofia 
University  continues  to  be  an  innovator  in  this  field.  His 
review  paper  on  these  devices,  published  in  the  Proceedings  of 
the  Sixth  IEEE  International  Symposium  on  Applications  of 
Ferroelectrics  (1986),  is  particularly  informative  with  regard  to 
potential  applications  and  material  property  requirements. 
Professor  Uchino  has  recently  become  concerned  with  the 
mechanical  reliability  of  the  materials  involved  in  these  motors, 
and  has  been  doing  work  on  the  fracture  of  PLZT,  which  is  a  good 
electrostrictive  material.  Ke  has  observed  that  the  critical 
fracture  toughness  increases  as  the  grain  size  decreases  for 
three  different  lanthanum  concentrations.  Matsushita  and  Tovo 


Soda  (among  others)  are  apparently  developing  a  whole  family  of 
small,  low  speed,  high  torque,  piezoelectric  motors.  These 
motors  can  be  made  cheaply.  In  general,  these  motors  have  a  high 
efficiency.  Applications  for  these  motors  include  precision 
machining,  robotics,  ink-jet  printers,  and  pneumatic  control 
valving. 

Thin  film  pyroelectric  sensors  for  use  as  quick  monitors  of 
temperature  are  also  of  interest  to  the  Japanese.  Deposition  is 
mainly  accomplished  by  magnetron  sputtering  using  various  control 
parameters.  The  papers  at  the  workshop  discussed  the  effect  of 
alkaline  earth  substitutions  in  lead  titanate  ceramics  on  their 
pyroelectric  and  piezoelectric  properties.  PZT  was  also 
discussed  as  a  candidate  material  for  thin  film  sensors.  A 
significant  growth  in  the  use  of  thin  film  materials  for 
electrooptic  applications  was  predicted. 
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D.  A.  PAYNE,  K.  0.  RUDD  AND  S.  K.  DEY 

Department  of  Ceramic  Engineorino  And  Materials  Research  Laboratory, 
University  of  Illinois  at  I’rbana-Champa  l  on ,  105  S.  Goodwin  Avenue, 
Urbana,  Illinois  61801,  V.S.A. 


ABSTRACT:  Dielectric  thin-films  of  PbTiO^  based  materials  were  prepared  by  the 
spin-casting  of  a  Pb , Ti -me thoxyethox ide  solution  onto  platinum,  silicon  and  a 
variety  of  substrate  materials.  The  resulting  gel  layers  densified  at 
relatively  low  temperatures  {<  350*0  with  crystallization  to  the  perovskite 
phase  at  450  -  700*C,  depending  upon  composition.  The  films  were  transparent 
and  had  electric  strengths  in  excess  of  100  V/Wm.  Ferroelectric  hysteresis 
loops  were  obtained  for  1  um  layers  with  grain  sizes  of  0.1  urn,  PZT  5J/47  had 
PR  ■  32.5  uC/cm^,  with  Ec  *  30  KV/cm;  and  the  relative  permittivity  of  PLZT 
10/65/35  was  1700. 

1.  INTRODUCTION 

An  upset  technology  is  in  the  making  for  the  fabrication  of  dielectric 
thin-filns  by  polymeric  sol-gel  processing.  This  novel  processing  route 
avoids  powder  (and  attendent  problems),  and  produces  films  of  exceptional 
quality,  at  relatively  low  temperatures.  The  present  study  reports  on  recent 
measurements  on  ferroelectric  and  dielectric  properties. 

2.  EXPERIMENTAL 

2.1  Materials 

Precursor  solutions  of  a  complex  Pb-Ti  alkoxide  were  prepared  by  reacting 
lead  acetate  with  titanium  isopropoxide  in  me thoxye thanol .  A  complex  Pb, Ti¬ 
me  thoxyethox  ide  formed  by  alcohol  exchange  with  Ti- isopropox ide ,  and 
subsequent  reaction  with  a  dehydrated  Pb-acetate  solution.  Alkoxides  of  Zr 
and  La  were  also  incorporated  intc  the  system.  The  importance  of  hydrolysis 
conditions,  condensation  reactions,  and  thermal  processing  conditions,  on  film 
formation  and  microstructure  development,  are  summarized  m  reference  2. 

2.2  Measurements 

A  parallel-plate  capacitor  geometry  was  used  to  determine  relative 
permittivities,  dissipation  factors,  and  electric  strengths.  The  counter 
electrodes  were  sputtered  gold.  Scaling  of  capacitance  with  area  was  taken  to 
ce  a  proper  indication  of  the  absence  of  contact  problems.  Hysteresis 
measurements  were  made  on  a  modified  Sawyer-Tower  Circuit. 

3.  RESULTS 

Table  1  summarizes  relative  permittivities  and  dissipation  factors  for  sol- 
gel  derived  films  on  Pt .  The  results  are  m  aood  agreement  with  values 
reported  in  the  literature  for  bulk  samples  and  hot-pressed  parts.  Figure  1 
illustrates  the  dependence  of  relative  permittivity  on  heat  treatment 

® tails  of  the  processing  route  are  civen  in.  references  1  and  1. 
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cond  it  iors  and  crystallization  behavior.  Tr.e  dielectric  strenotrs  we  t  e  in 
excess  of  10®  V.m.  Hysteresis  loops  were  observed,  confirming 
f er roel ecir ic i ty  ( Fiqure  2). 

4.  DISCUSSION 

Sol-gel  processing  is  an  attractive  method  for  the  fabrication  of  high 
quality  thm-filns  of  complex  dielectric  materials.  Applications  include  the 
direct  integration  of  capacitors  onto  semiconductors  and  substrates, 
piezoelectric  and  ferroelectric  devices,  and  optical  connectors . 

Table  1,  Dielectric  Properties  of  Sol -Of  1  Derived  Th  l  n-p;  ]"“« 
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PREPARATION  AND  PROPERTIES  OF  FERROELECTRIC  FILMS  FROM  METALLO-ORGANIC 
PRECURSORS 

R ■ W .  VEST 

Purdue  University,  West  Lafayette,  Indiana,  47907,  U.S.A. 

ABSTRACT:  Ferroelectric  PbTiO^  and  (TLSrlTiO^  films  0.5  to  5.0  urn  thick  were 
prepared  by  the  metallo-organic  decomposition  (MOD)  process  using  multilayer 
spinning  with  firing  temperatures  of  490  to  700°C.  Both  Pt  and  ITO  electrodes 
were  also  prepared  by  the  MOD  process,  and  dielectric  properties  were  measured 
as  a  function  of  temperature.  The  films  were  near  theoretical  density  and 
defect  free  over  2  cm  »  2  cm  areas. 

1 .  INTRODUCTION 

The  MOD  process  for  preparing  ferroelectric  films  has  a  number  of 
advantages  over  conventional  processes.  These  include  rapid  formation  of 
compounds  in  films  and  lower  temperature  processing  of  equilibrium  phases. 

2.  EXPERIMENTAL 

Lead  neodecanoate  ( Pb (CgHj gCOO) 2 ] ,  strontium  neodecanoate  [Sr  (CgH^CCO) 
and  titanium  di-methoxy-di-neodecanoate  [ (CH^O) ^Ti (CgH j gCOO) ^ )  were  the 
precursors  used  for  the  f erroelectric  films.  These  compounds  were  dissolved 
in  an  appropriate  solvent,  the  solutions  mixed  to  achieve  the  desired 
stoichiometry,  and  the  resulting  solution  spun  onto  substrates  which  had 
previously  been  provided  with  Pt  or  ITO  electrodes  by  the  MOD  process.  The 
samples  were  fired  at  a  programmed  rate  to  temperatures  from  490  to  700°C, 
either  with  or  without  an  electric  field  present. 

The  crystal  structure  was  studied  using  x-ray  diffraction  analyses,  and  the 
microstructure  was  studied  using  SEM  and  TEM.  The  temperature  dependences  of 
D.C.  resistivity,  dielectric  constant,  dissipation  factor  and  spontaneous 
polarization  were  measured. 

3.  RESULTS  AND  DISCUSSION 

For  a  given  time-temperature  profile,  it  was  determined  that  the  film  must 
be  below  some  critical  thickness  m  order  to  sustain  the  volume  change  of  as 
much  as  a  fa.tor  of  30  without  cracking.  It  was  shown  that  multiple  spinning 
and  firing  of  films  below  this  critical  thickness  can  be  used  to  produce  any 
desired  final  film  thickness.  The  reliability  for  the  specimens,  defined  as 
the  percent  of  the  143  planner  capacitors  in  a  4  cm'  area  which  gave 
equivalent  dielectric  properties  with  an  applied  field  of  ICO  kV/cm,  was  found 
to  depend  on  factors  such  as  the  choice  of  substrate,  the  purity  of  the 
metallo-organic  precursors,  and  the  process  cleanliness  m  addition  to  the 
time-temperature  firing  profile  and  the  single  layer  thickness.  Currently, 

2  cm  »  2  cm  dielectric  films  can  be  made  with  IOC  percent  re.iabiiity  if  all 
these  factors  are  properly  controlled. 
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tr.e  same  tertpei  at  ure  ,  it  uas  tc»ur<d  ti.at  the  c/a  values  :oi  t:iw&t-  films  fireu 
i  r.  a  D.C.  electric  filed  at  temperatures  belt/w  T  weie  smaller  "ompart-d  tc 
those  fired  without  a  field,  and  that  the  effect  increased  with  increasing 
field  strength. 

The  gram  size  of  the  PbTiO^  films  was  found  to  increase  with  increasing 
firing  temperature  and  single  layer  thickness,  but  in  ail  cases  was  very  smal 
(14  to  25  nm)  .  This  small  gram  size  was  responsible  for  the  small 
spontaneous  polarization  (•vSuC/cm4' )  values  observed.  At  lower  firing 
temperatures  ('550*0,  the  grain  orientation  in  polyrrys ta 1 1 inc  tetragonal 
films  was  random.  For  firing  temperatures  higher  tnan  600°C,  a  strong 
tendency  for  preferred  orientation  with  the  c  axis  perpendicular  to  the 
substrate  surface  was  observed. 


The  dielectric  constant  of  the  PbTiO^  films  was  100  •v  110  at  temperatures 
below  300°C,  and  reached  a  maximum  value  of  3>10  at  the  Curie  point  (493  to 
495°C) .  The  dissipation  factor  remained  almost  constant  until  250°C  and  then 
increased  rapidly  with  further  increase  in  temperature.  The  temperature 
dependence  of  dielectric  constant  was  found  to  be  a  function  of  the  c/a  ratio, 
which  could  be  modified  by  either  control  of  the  single  layer  thickness  or  the 
strength  of  an  applied  D.C.  field  during  film  preparation  below  the  Curie 
temperature.  The  dielectric  strength  for  0.5  to  2.0  um  thick  films  was 
greater  than  100  kV/cm. 

Solid  solutions  of  PbTiO^  and  SrTiO^  were  formed,  and  compositions  to  give 
Tc  in  the  neighborhood  of  room  temperature  were  extensively  studied.  The 
dielectric  constant  uas  found  to  be  a  strong  function  of  electric  field  for 
these  films. 
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FABRICATION  OF  GRAIN-ORIENTED  KSr^Nb^G^  CERAMICS 
T.  KIMURA.  Y .  OGINO  and  T.  YAMAGUCHI 

Faculty  of  science  and  Technology,  Keio  University,  Yokohama,  Japan 


ABSTRACT:  The  morphology  of  powder  particles  obtained  by  molten  salt  synthesis 
was  examined  for  alkali-alkaline  earth  niobate  AB^Nb^O^j,  where  A=Na  or  K  and 
B=Sr  or  Ba .  Rod-like  particles  suitable  for  the  preparation  of  gram-oriented 
ceramics  were  obtained  in  KSrjNbjO^.  The  crystallographic  direction  of  the 
rod-axis  was  determined  to  be  1001]  by  X-ray  diffraction  analysis  of  extruded 
and  sintered  compacts. 

1 .  INTRODUCTION 

Grain-oriented  ceramics  are  prepared  by  normal  sintering  of  plate-  or  rod- 
like  powders  made  by  molten  salt  synthesis.  Alukali-alkaline  earth  niobate 
AB2Nb_015  (A  and  B  are  alkali  and  lakaline  earth  ions  respectively)  has 
tetragonal  tungsten  bronze-related  structure  and  its  polar  axis  is  parallel  to 
(001).  Particle  morphology  depends  on  the  anisotropy  oi  growth  rate  in  molten 
salt.  Rod-like  powder  particles  with  rod-axis  parallel  to  [001J  are  suitable 
for  preparing  grain-oriented  ceramics.  This  paper  deals  with  the  preparation 
of  ABjNbjOj^  (A=Na  or  K;  B*Sr  or  Ba)  powders  in  the  presence  of  molten  chloride- 

2.  EXPERIMENTAL 

Mixtures  of  alkali  carbonate  A..C0,,  alkaline  earth  carbonate  3C0,,  niobium 

4.  J  -5 

oxide  NbjOj  and  alkali  chloride  AC1  were  heated  at  a  desired  temperature  oetween 
7 00”  and  1200'C  for  lh.  The  products  were  washed  with  hot  water  to  remove  the 
chloride.  The  crystalline  phases  and  morphology  of  the  resultant  powders  were 
examined  by  X-ray  diffraction  analysis  (XRD)  anc  scanning  electron  microscopy 
(SEM)  respectively. 

Rod-like  KSrjNb-O,.  powder  particles  were  mixed  with  methyl  cellulose, 
polyethylene  oxide  and  water  in  a  roll-mill  and  extruded  through  a  nozzle  1  mm 
in  diameter.  The  resulting  rods  were  cut  to  3  cm  long  rods,  which  were  aligned 
in  a  square  die  (3x3  cm)  and  pressed  at  98  MPa.  The  compacts  were  cut  to  small 
pieces  (1x1x0. 2  cm)  and  heated  slowly  up  to  500°C  in  air  to  burn  out  the  organic 
ingredients.  The  green  compact  was  sintered  at  lSSC'C  for  lh.  Orientation  of 
particles  and  grains  in  green  and  sintered  compacts  was  wxammed  by  XRD. 

3.  RESULTS  AND  DISCUSSION 

Particle  morphology  of  the  powders  obtained  at  12CC°C  was  examined  by  SEM. 

For  NaSr jNb  S°15  and  NaBa^Nb^O^ ,  mixtures  of  roc-like  and  ecuiaxed  particles 

were  obtained.  For  KSr,Nb.0,c  ana  KBa-Xb-O, - ,  tne  oowaers  consisted  of  only 
2  0  15  1  3  lo 

rod- like  particles.  KSr-X’b-O,  c  ^articles  were  selected  tecause  of  t neir  larce 

2  d  x  5  * 

aspect  ratio. 

Figure  la  shows  the  XRD  pattern  of  a  green  compact  made  by  extruding  cf  tne 
rod-like  powder.  Comparison  with  tne  XRD  pattern  for  ecu i axe d  powder  (Fig.  lb. 
indicates  that  intensities  cf  (230).  ( 4  C  0  ’  and  (140)  for  tne  cornua  c  t  cf  t.-.e  rod- 


li.Ke  ;<«uM*uc*r  a  r  v  tnjr.  tno.se  for  r  t-u^i-ixcd  :  ■*  wot : -.  LL*  .Lj-.rvjj  ,»r,  . 

rve  r^vvim.;  that  r-urt.icUj  -«*5rv  j  w:f.  r  -  c  :  r  r  ■  a  -  a  ■•  :  ^  .  u  r  a  .  .  «r 

■_ o  tne  extrusion  These  res- its  indicate  f  *  ve  • 

parallel  to  I  00a  J  . 

figure  2  shows  the  XI<L>  patterns  uf  a  sintered  cor.:  act  .  ;-  i  *  t*_  r  i:;u  c.jri'is- 

the  intensities  of  ihkO)  reflections  from  tne  plane  pan^L-1  to  f-.tr  extrueio: 
direction  (Compare  ligs.  la  and  2a).  Or.*;,  ,00*'  and  00^)  w.-ic  ir.tvr.se  ;  ojc 
from  the  plane  perpendicular  to  the  extrusion  direction.  Tne  sintered  corr.pa; 
was  character i red  by  anisotropic  mi crost r uct uie ;  t.ne  rod-iixe  grains  were 
aligned  in  tne  direction  parallel  to  the  extrusion  direction.  Tnese  results 
indicate  that  grain-oriented  ceramics  witn  aligned  polar  axis  are  obtained. 


Fig.  1  X-ray  diffraction  patterns  of  (a)  creen 
compact  and  (b)  equiaxed  powaer. 
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Fig.  2  X-ray  diffraction  patterns  cf  sintered  ecrtart. 
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PROPERTIES  OF  SUB-MICRON  BaTi03  KITH  ADDITIVES  FOR  LOW  FIFING  TEMPERATURE 
K . ABE ,  M.  AOKI.  K.FUKAJ.  K.  HIDAKA 

Research  and  Development  Division.  Sakai  Chemical  Industry  Co..  Ltd..  Sakai. 
Osaka  590,  Japan 

ABSTRACT:  Sintering  properties,  electrical  properties  and  crystal  structure 
of  three  kind  of  EaTi03  with  an  additive  for  low  firing  temperature  were 
studied . 

Comparisons  were  made  among  three  powder  production  methods,  i.e.  the 
hydrothermal  synthesis  method,  the  oxalate  method  and  the  calcination 
method,  and  among  various  additives  for  low  firing  temperature.  As  a  result, 
it  was  found  that  the  hydrothermal  synthesis  method  provides  the  most 
excellent  sintering  and  electrical  properties  for  BaTi03  with  an  additive 
for  low  firing  temperature. 

1 .  INTRODUCTION 

Payne  et  al'.5and  Chowdary  et  al.  attempted  to  reduce  firing  temperature  by 
adding  glassy  materials  to  8aTi03  powder.  It  is  expected  that  sintering 
temperature  will  be  further  reduced  by  adding  such  an  additive  for  low 
firing  temperature  to  easing  sinterable  BaTiOi  cotained  by  the  hydrothermal 
synthesis  method. 

2 .  EXPERIMENTAL 

2.1.  Sample  Powders  and  additives 

The  following  three  BaTi03  powders  were  used  as  samples 

1)  Powder  produced  by  the  hydrothermal  synthesis  method 

2)  Commercially  available  powder  produced  by  the  oxalate  method 

3)  Powder  produced  by  the  calcination  method,  which  is  calcined  at  I150*C 
using  high-purity  fine  BaC03  and  Ti02  (both  Sakai  Chemical). 

Five  kinds  of  additives  (A.B.C.D.E)  were  used.  Each  additive  was  added  to 
each  BaTi03  in  a  specified  amountlsee  table  2).  Mixing  was  carried  out  in  a 
polyethylene  pot  containing  zircoma  balls  and  acetone  overnight. 

2.2  Measurement 

After  sample  powders  were  granulated.  2.2g  cf  the  granules  were  placed  in 
dies  20mm  in  diameter,  pressed  1000  kg/cm  for  lmin.  Resulting  green  molds 
were  fired  for  3  hours  at  specified  temperature  oetween  800°C  anc  1300°C. 
Fired  products  were  subjected  to  measurement  of  sintered  density  electrical 
properties  . 

3.  RESULTS  AND  DISCUSSION 

Properties  of  Ba7iC3  powders  without  an  additive  are  shown  l  r.  Table  1. 
Ta_»e  1  shows  that  there  are  r.c  significant  differences  among  the  three  m 


rj*.  ttTjrTjrxyrj^ 


purity,  although  the  powder  produced  by  the  hydrothermal  synthesis  is  the 
most  excellent  in  particle  shape  (spherical),  fine  particle  size  <  o.liim) 
and  particle  size  distribution  (uniform). 

Figures  1-3  show  typical  temperature  dependence  of  sintered  density.  As 
shown  in  these  figures,  the  BaTiOl  powder  produced  by  the  hydrothermal  syn¬ 
thesis  method  is  the  most  easily  sinterable  independent  of  whether  or  not  an 
additive  is  added.  Based  on  this  finding,  it  is  thought  that  the  low  temp¬ 
erature  sinterabili ty  of  the  main  raw  material  rather  than  the  effect  of 
additives  is  an  important  factor  for  low  temperature  firing. 

Table  3  shows  electrical  properties  of  sintered  products  obtained  at 
minimum  firing  temperature  for  sintering.  As  shown  in  this  table,  it  is 
found  that  additive  A  is  a  most  effective  additive  for  low  firing  temp¬ 
erature.  because  this  additive  makes  it  possible  to  perform  sintering  at 
iooo°C  even  though  it  is  added  in  a  small  amount  (1.0  mol\) .  thus  having  a 
less  effect  on  electrical  properties  of  the  sintered  product. 


REFERENCES 

1.  D. A. Payne  and  S.M.Park.  USP  4,218.723 

2.  K.R.Chowdary  and  E.C.Subbarao.  Ferroelectristics . 


37,  689-692  (1981) 


Table  t  powder  propertied 


•ell  mi 

Hytl  rnllierB.nl 

0**Ule 

Ca  H 1  i  \  on 

SCT  stir  face  ate*  (*7g) 

1  2 

2.  2 

J  .  0 

tin IV  ilcnsily 

0-  59 

o 

to 

0.  03 

7f>1  mean  parlicle  size  («■) 

0-  1 

0-  3 

1  .  2 

Hn/T *  ■*>!  ralio 

10  1 

»  00 

1  .  0  t 

Creep  900  1000  MOO  1200  1300 
U-ppria lurcf  T.) 

('l  l  Sluicing  curved  nr  BaTi0> 
vi trout  an  ado i l ive 
(t)  'i.llf  bllterra  1  syrscdis  (2)  Oralalv 
•clivvj  (3)  Calcu.nl  ton  eelMI 


7alilp  2  Ail*li  lion  ratio 


AijtIUivc 

i  al*o 

A 

I  «i<t 

U 

1  »o!l 

c 

10  wlJ 

u 

5  wlX 

r 

5  wtl 

f.rerp  900  1000  MOO  1200  HOC 
Tr-oei  a  lured;) 

Tie. i  Sinier mg  curved  n<  BaTiO,  vi lx 
an  aoui live  a. 

(1)  ’lyOrotnerval  dyeded'S  (2)  Ova  Mile 
PC liwl  (3)  Can  ina I  ion  prowl 


Crern1  one  1000  MOO  1200  1100 

Itopiu  a  'ire'  rM 

fir  I  Smlrl'i'g  rinved  nl  BaTiOl  vi  II 
an  ailili  live  0 

(I)  IlyiliollittPa!  dyiisc-dis  (2)  Ovalalc 

i  imi1  (’<)  ''airiml  »d-Hirwl 


(ahie  3  nrooerties  of  sintered  products  obtained  «(  einiwe 

filing  leppei  a  tin  e  iv.-ceddary  for  sintering.  1  »rc>>ie~lrd'd  ~lhnd 


1  '«<  f-.es  *« 


Si " let  cd 
•le'tSi  fyt 
(«'•(> 

Cra*n 

?IZC 

(u) 

j  5  1)3 

2  1 

|  5  82 

C  8 

It, 

0  3 

1  -  S3 

’ 3  i 

5  7g 

2  9  | 

5  53 

2  8  | 

7  7  ! 

5  05 

i:  i 

5  31 

2  5  j 

Tjf»6 

(at 

iv»z) 

Cur,? 

rontt 

(f) 

c  ♦.-»« 

(al 

l’li'j) 

0.91 

i:s 

noo 

1  10 

122 

v?y 

3  27 

i:o 

2  09r» 

1  3 

!?0 

'Sinn 

r  J  V,  <>  ss 


wainff  J  uu 


?»  ',  -.a-a*  »F  *^>tr>g’»/TV?g7T'j 


i 

§ 

i 


f 


Si 


:v 

Cj 


M-5 


EFFECT  OF  MgTiOj  ON  THE  GRAIN  GROWTH  OF  iBa,Ca)  (Ti.ZrlO^  CERAMICS 
S.  ITOH,  T.  NOGUCHI,  T.  OGASAWAKA 

CERAMIC  COMPONENTS  MFG  DIVISION,  TDK  CORPORATION 

1.  INTRODUCTION 

For  the  manufacturing  of  ceramics,  it  is  important  to  clarify  the  relation 
between  characteristics  and  phenomena  which  occures  during  firing.  In  (8a, 
Ca)  (Ti,Zr)Oj  ceramics,  which  is  widely  used  for  ceramic  capacitors,  we  have 
investigated  the  effect  of  MgTiOj  and  micros tructura l  changes  during  firing. 
And  we  have  found  that  the  final  grain  size  was  strongly  depend  on  the  firing 
profile,  especially  on  the  cooling  curve. 

2.  EXPERIMENTAL 

2.1.  Samples 

The  composition  and  the  preparation  method  of  samples  are  shown  in  Table-I. 

2.2.  Rapid  Cooling  Experiments 

Samples  were  fired  along  the  temperature  profile  shown  in  Fig.l,  and  were 
air  quenched  from  various  points  of  this  profile.  Microstructurai  changes 
were  examined  to  those  samples  by  SEM  and  EPMA. 


% 


3.  RESULTS  AND  DISCUSSION 

From  the  result  shown  in  Fig.l,  it  was  found  that  the  addition  of  MgTiOg 
retards  the  grain  growth,  and  grain  growih  w0»  occurred  at  cooling  zone  in 
sample  B.  Photo  1  (a)  and  (b)  shows  the  microstructure  of  samples  containing 
4%  MgTiOj  quenched  from  1380  ^  and  1250  °C  respec ti vel v .  Photo  1  la)  shows 
second  phase,  which  is  observed  as  dark  phase,  wets  crams  and  exists  at  cram 
boundary.  On  the  contrary,  in  the  sample  quenched  from  123CtlC  (Photo  >  :b  ,  , 
the  second  phase  was  observed  as  a  granule.  Fig. 2.  shows  the  change  of  the 
angle  of  contact  between  matrix  and  this  second  phase.  Fig.  3.  shews  the  DTA 
data  of  sample  C  at  cooling  zone  and  it  was  found  that  exso-thermic  process 
was  occurred. 

From  these  results,  we  inferred  that  this  second  phase  was  liquid  at  high 
temperature  ( T ^ )  and  grains  were  surrounded  bv  this  liquid,  at  cooling  zone 
(Tj),  this  liquid  was  solidified  and  disappear  from,  gram  boundary,  so  gram 
growth  was  occurred. 


Table  1.  a)  Composition  of  samples  <mol%) 
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b)  Preparation  method  of  samples 
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MACHINING  OF  PZT,  IT,  AND  f. Mn ,  ZniFe^O^  CERAMICS  BY  LASER- 1 N DI  CED  CHLMKAL  ETCHING 
T.  SHIOSAKI  and  A.  KAVABATA 

Department  of  Electronics,  Faculty  of  Engineering,  Kyoto  University, 

Kyoto,  606,  Japan 


ABSTRACT:  Laser-enhanced  chemical  etching  of 
PbTiO},  PZT  and  (Mn-Zn)-f erntc  ceramics  is 
reported.  The  KOH  solution  of  10  mol/1  is 
suitable  for  the  laser  enhanced  inter¬ 
granular  etching  of  the  PbTiO^  and  PZT  with 
depth  etching  rate  higher  than  100  jjm/s  in 
the  initial  laser  irradiation  period  of  Ar+ 
laser  of  1W  output.  The  KOH  and  NaOH 
solutions  are  also  suitable  for  the  inter¬ 
granular  etching  of  (Nn-Zn)-f errite,  The 
B^PO^  solution  of  6  mol/1  is  suitable  for 
the  laser  enhanced  trans-granular  etching  of 
(Mn-Zn)-f errite  with  the  depth  etching  rate 
of  about  lOgm/s  in  the  initial  irradiation 
neriod  of  an  Ar*  laser  of  1W  output. 

1.  INTRODUCTION 

A  number  of  interesting  new  schemes  for 
localized  etching  of  semiconductors  and 
ceramics  using  lasers  have  been  reported  over 
the  last  years.  The  laser  plays  a  dual  role 
m  the  etching  process  through  the  thermal  or 
optical  excitation  to  the  etchant  and/or 
workpiece.  The  one  is  to  initiate  or  enhance 
the  etching  process  and  the  other  is  to 
define  the  etch  pattern  by  the  area 
irradiated . 


shutter  chopper 


Fig.l  Experimental  set-up  for  laser-induced 
chemical  etching.  The  photo-acoustic 
emission  detected  by  the  transducer  is  used 
for  the  automatic  focussing. 


Iti  the  present  paper,  the  laser  enhanced 
etching  of  ceramics  of  PT ;  ( Pbo.76^a0.2A ) 
(T1o.9^(C°  i  /  2^' i  /  2  )q.04  ^3  ^rom  Toshiba, 

PZT.-PtKSnj/jSbi  i 2)o.05TlO.4  7Z,'0.48O3  Srom 

’•iurata,  and  Mn-Zn  ferrite  (Fe20^  52. A  molL, 
MnO  26.5  molX,  ZnO  21.1molZ)  from  Sumitomo 
Special  Metal  in  alkaline  and  acid  solutions 
without  external  electromotive  driving 
sources  is  described. 

2.  EXPERIMENTAL 

Figure  1  is  the  set-up  for  the  laser 
enhanced  etching.  When  a  new  material  is 
introduced  as  a  new  workpiece  of  the  laser 
pnhanred  etching,  experiments  are  started 
with  the  selection  of  etchants  and  their 
concentra tion.  The  depth  and  width  etching 
rates  are  measured  for  various  laser  output 
power  levels  (maximum  IV)  and  the  surface 
morphology  and  appearance  of  etched  holes  and 
siots  are  examined  m  several  etchants  and 
in  air  and  a  pure  water. 


Fig. 2  The  relation  between  the 
laser-induced  etching  rate  and 
the  laser  irradiation  time. 

The  laser  output  is  IV  ar.d  the 
focal  length  cf  the  lens  is 
30mc.  KOH  solution  is  10mol/l. 
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vt*.:*_h  is  ihv  fu»sl  suitable  ou  :.jnt  for  tlu.se 
are  almost  equal  and  less  than  S  x  10”'  urn/-, 
lhis  means  area  without  laser  lrrad tat  n<» 
remains  virtually  unchanged  during  the 
process.  Tlie  relation  between  the  laser 
irradiation  time  ami  etched  depth  rate  for 
I’ZT  is  shown  in  lig.^.  1  he  etching  rate  is 
enhanced  from  less  than  j  x  lO^'pni/s  to  1  *,0 
ytr./s  by  5  x  10^  times. 

The  scanning  electron  micrographs  of  laser 
machined  workpieces  show  that  the  hole  made 
in  air  has  a  peripherally  smooth  contour  with 
some  voids  typical  of  a  material  that  has 
once  melted  and  refrozen.  The  upper 
periphery  of  the  hole  is  surrounded  by  a 
ridge  of  refrozen  material.  The  results  when 
the  laser  is  incident  on  the  sample  submerged 
in  water  are  similar  to  those  in  air,  but 
somewhat  less  material  is  removed.  The 
dimpling  and  splashing  of  materials  on  the 
surface  indicates  local  melting  and 
refraezing.  In  both  machining  in  air  end 
water,  cracks  are  frequently  observed  after 
laser  irradiation.  All  the  acid  etchants  are 
not  suitable  because  their  etching  rate  is 
low,  machined  surface  appearance  is  not  good, 
and  the  acid  gas  is  vaporized  and  condensed 
on  the  lens.  Only  in  the  presence  of  KOH 
around  10  mol/1  in  water,  the  hole  wall  is 
uniform  in  texture,  and  the  top  surface  at 
the  hole’s  periphery  is  smooth  and  even,  both 
being  similar  to  the  texture  of  the  unetched 
surface  of  the  ceramics.  Similarly,  slots 
etched  in  the  10  mol/1  KOH  solution  contain 
no  lip  or  mel.ed  and  refrozen  ridges  in 
contrast  to  those  formed  :n  air  or  water. 
The  10  mol/1  K0K  solution  gives  the  highest 
etching  rate  and  excellent  surface 
appearances.  Taking  all  the  results  into 
account,  10  mol/1  KOH  water  solution  is 
decided  to  be  the  most  suitable  etchant  for 
the  Ar  laser  etching  of  the  present  FZT  and 
FT. 

The  X-rav  diffraction  pattern  of  the 
powders  which  are  collected  from  the  etenant 


.^Mii  i  user  ennui:!  ed  et «  h  i  :ig  ■  i  i  /  '  is  win  u 

*  *  l  w .  » ,  i  •  e  t  lie  r  wiit.  i  ht  ,  1 1  ■  >  i  i ,  :  i  .  ■  i 

1ZT  i  trdmn  plate.  TIivm  ;  jV.i  *:>?  :  i  • 

l-'rni  icjl  and  show  that  the  laser  ii.ii.iiu"! 
etching  is  an  inter-granular  etching  hi 
leciovtng  Hie  tei.imic  grains  one  alter  another 
and  not  by  melting,  dissolving  or  vaporizing 
the  grains.  This  inter-granular  etching 
mechanism  is  confirmed  by  observing  the 
etched  surface  of  FZT  ceramics. 

The  above  mentioned  inter-grunulai  vWhi:ig 
mechanism  takes  place  also  m  the  laser 
enhanced  etching  of  the  ( Mn-Zn )-f err  1 1 e  in 
the  NaOH  solution.  The  laser  enhanced 
etching  of  ( Mn-Zn )-f errite  ceramic  in  H3PO4 
solution  is  concluded  as  trans-granu 1 ar 
etching  by  observing  the  etched  surface.  The 
H.PO,  solution  is  known  as  a  mirror  etchnnr 
of  the  (Mn-Zn )-f errite  ceramic. 

The  piezoelectric  and  magnetic  properties 
are  supposed  to  remain  unchanged  because  the 
surface  temperature  is  kept  below  the  boiling 
point  around  100°C  of  etchants  and  the  grains 
are  not  meltod. 

<»0)  p?T 

j  (powder) 


Wi«v>  Wry.*/  V 


JC*  act 

28  (dro) 

(a) 


20*  30*  AC T  51 

2  8  ( oeg ) 

(b) 

Fig. 3  The  X-ray  diffraction  patterns 
of  the  powders  (a)  and  bulk  (b)  of 
?Z1.  The  PZT  powders  are  collected 
from  the  etchant. 
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SYNTHESIS  AND  PROPERTIES  OF  ALKOXY  -  DER IVED  Zr  Ti  Sr.  O.  CERAMICS 

x  y  2  4 

S.  HIRANO,  T.  HAYASHI,  and  A.  HATTORI 

Department  of  Applied  Chemistry,  Faculty  of  Engineering,  Nagoya  University, 
Nagoya,  Japan 

ABSTRACT:  Monosized  spherical  particles  of  Zr^Ti^Sn^^  (x»y«z«  21  with  an 
average  diameter  of  about  0.3  urn  were  synthesized  by  the  controlled  r.ydiol,sis 
of  alkoxides.  The  as-prepared  particles  were  formed  directly  without  any 
sintering  aid  and  sintered  into  bodies  with  >  96.0  %  of  theoretical  density  at 
1600°C  for  3  hrs.  The  pure  sintered  body  of  ZrQ  ggTiSnfl  showed  the 

dielectric  constant  of  about  40  and  the  Q  value  of  about  5300  at  10  GHz. 

1  .  INTRODUCTION 

Many  kinds  of  dielectric  materials  have  been  developed  for  microwave  appli¬ 
cations.  Among  them,  the  compound  in  the  system  Zr-Ti-Sn-0,  Z^TiySn^O^ 

(x»yiz*  2),  is  known  to  have  a  high  dielectric  constant,  a  low  dielectric  loss 

and  a  low  temperature  coefficient  of  resonance  frequency  The  compound  has 

1  2  I 

been  sintered  with  the  sintering  aids  like  ZnO,  NiO,  Fe jO^  and  La^Oj  ' 

This  study  was  carried  out  in  order  to  characterize  the  monosized  spherical 

oarticles  of  Zr  Ti  Sn  0,  (v»l)  prepared  by  the  controlled  hydrolysis  of  metal 
x  y  x  ■*  * 

alkoxides  from  the  view-point  of  the  dielectric  properties. 

2.  EXPERIMENTAL  PROCEDURE 

Zirconium  n-propoxide,  titanium  isopropoxide  and  tin  isopropoxide  were 

weighed  in  desired  amounts  according  to  the  formula  ZrxTiySnz04  and  were  mixed 

into  absolute  n-propanol.  The  mixture  of  alkoxides  was  refluxed  in  dry  N,  for 

24  hrs  and  then  hydrolyzed  at  a  refluxing  temperature  or  room  temperature. 

The  precipitates  were  aged  and  ultrafiltered.  The  amorphous  as-precipitated 

ZrTiO,  and  Zr  Ti  Sn  0.  were  calcined  for  5  hrs  at  the  crystallization 
4  x  y  z  4 

temperature  of  700°C  and  650°C,  respectively,  and  then  pressed  into  the  disks, 
or  pressed  into  the  disks  directly  and  then  preheated  at  SSO’C  for  5  hrs, 
followed  by  sintering  at  1600°C  for  3  hrs.  The  dielectric  properties  cr  dense 
sintered  bodies  at  microwave  frequency  were  measured  by  the  resonant  cavity 
method  in  TEQ1{. 

3.  RESULTS  AND  DISCUSSION 

The  effect  of  hydrolysis  conditions  on  the  particle  size  and  morphology  of 
as-precipitated  particles  of  Zr^  g^TiSOg  20°4  ls  snown  ln  1 •  The  particle 

size  and  morphology  of  as-precipitated  particles  did  depend  on  the  temperature 
during  hydrolysis,  especially  for  the  composition  of  ZCq  g0TiSnQ  ->o°4- 
The  higher  the  hydrolysis  temperature,  the  size  of  the  precipitated  oarticles 
became  larger.  The  spherical  particles  could  be  prepared  by  the  hydrolysis  of 
the  solution  at  a  refluxing  temperature  or  of  the  lower  concentration  of  0.025 
mol/l.  The  as-precipitated  powders  were  found  to  be  the  monosized  unagglomerat¬ 
ed  particles  of  about  0.3  urn  with  narrow  particle  size  distribution  (Fig.’l. 
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Calcined  2rTi04  powders  were  densified  to  tally  dense  r.odies  Dy  sintering  at 
1600  °C  for  3  hrs,  while  the  densi  f  ication  of  Zrn  ggliSn^  ‘,0O4  Partlc^es  depended 
strongly  on  the  processing,  i.e.  the  process  A  (  as -precipitates  ♦directly 
forming  ♦  crystallization  -  sintering  )  or  the  process  B  (  a s - precipi t a tes  ♦ 
calcination  ♦  forming  ♦  sintering  ),  as  shown  in  TABLE  2.  The  density  of  the 
sintered  body  through  the  process  A  was  higner  than  that  through  the  process  B, 
though  the  green  der.sities  with  both  processes  were  the  same.  The  finer 
particles  (0.1  -  0.2  uml  yielded  the  higher  density  of  the  sintered  body, 
compared  with  that  from  the  powders  (0.3  -  0.4  jm ) . 

Dielectric  properties  of  the  dense  sintered  bodies  at  '*0  C-Hz  are  shown  in 
TABLE  3.  ZTq  qqTiSOq  20^4  cerafRiCS  showed  lower  dielectric  constant  than  ZrTiO^ 
but  higher  0  value  of  about  S300  at  10  GHz,  and  the  lower  temperature  coefficien 
of  resonance  frequency  of  about  4  ppm/°C,  v.hicn  ’sre  superior  to  those  of  ZrTiO^ 


TABLE  1.  Effect  of  hydrolysis  conditions 
on  particle  size  and  morphology  of  as- 
precipites ,  ZrQ _ 80TiSn0 _ 2fl04 


TABLE  2.  Effect  cf  processing  on 
sintering  of  ZrQ  _  8Q?i SnQ _  2f)04 


Cone.  Hydrolysis  Particle  Morphology 
(mol/1)  Temp.  Size! urn) 


0.05  room  temp.  <  0.1  irregular 
0.05  reflux  0.3-0. 4  spherical 
0.025  room  temp.  0. 1-0.2  spnencal 
0.025  reflux  0.3-0. 4  spherical 


Particle  Process  Before  After 

Size) urn)  Sinter.  Sinter. 


•Process  A;  As-precipitates  — 

Consolidation  -Crystallization 
-  Sintering 

Process  B;  As-precipitates  - 

Calcination  -  Forming  -  Sinter: 

TABLE  3.  Properties  cf  bodies 
sintered  at  1600°C  for  3  hrs 


P  .  D .  (  *  )  f-r  0  T 


.5  5323 


Fig.  '.  Particle  size  - 
a  .  k  ox',,  -der :  ved  Zr  Ti.Sn  0. 
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EFFECT  OF  AGGLOMERATED  PARTICLES  ON  PROPERTIES  OF  CERAMIC  GREEN  SHEETS 

TAMOTSU  UEVAMA.NAOYA  KANEXO,  and  YOICHI  MACHII 

Shimodate  Research  Laboratory,  Hitachi  Chemical  Co.,  Ltd.  1380-1  Tarazaki, 
Katsuta,  Ibaraki,  313  Japan. 


ABSTRACT:  Packing  density  of  dielectric  powders  in  ceramic  green  sheets  was 
investigated.  The  packing  density  was  changed  by  agglomerated  particle  size  and 
binder  content.  The  smaller  agglomerated  particle  size  and/or  binder  content 
is,  the  higher  the  packing  density  becomes. 

1.  INTRODUCTION 

In  manufacturing  dielectric  ceramic  green  sheets,  it  is  very  important  to 
decrease  scatter  of  packing  density  of  green  sheets.  Scatter  of  packing  density 
causes  that  of  firing  shrinkage.  Particularly,  when  packing  density  becomes 
low,  many  pores  tend  to  be  generated  in  sintered  body. 

We  have  investigated  slurry  manufacturing  technique  and  developed  the  new 
technique  of  dielectric  powders.  Using  this  technique,  agglomerated  particles 
can  be  pulverized  primary  particles  without  mechanical  destruction,  and  as  the 
result  of  it,  scatter  of  packing  density  decrease  remarkably. 

In  this  report,  the  relationship  between  agglomerated  particle  size  and 
packing  density  of  green  sheets,  which  are  manufactured  by  the  new  manufacturing 
technique,  is  described.  Moreover,  the  relationship  between  binder  content  and 
packing  density  of  dielectric  powders  is  discussed. 


2.  EXPERIMENTAL 

As  dielectric  powders,  AljOi  and  BaTiOj  was  used  in  this  work.  Table  1  and  2 
gives  the  typical  composition  of  green  sheets. 


Typical  composition  of  AI2O3  green  Taole  2  Typical  composition  of  BaTiOj  green 

sheets 


Material 

weicht  parts 

A1203 

100 

Binder  (Poly  vinyl  Buty  rale) 

6 

Pluticizer  fSulyul  Benxil 

3 

phthalaee) 

Solvent  (Chlorinated  Hydrocarbon 

Proper 

fc  Alcohol  Mixture) 

Quantity 

_ material _ 

BaTiOj 

Binder  (Poly  »ethyl  methacr  1  lat ) 
Plasticizer  (Bulyul  Benzil 
phthalate) 

Solvent  {Chlor mated  Hydrocarbon 
4  Keton  Mixture) 


weight  part: 

100 

12.4 

1.4 

Proper 
Quant  1 ty 


Slurries  were  produced  using  new  advanced  ballmilling  technologies.  In  new 
advanced  technique,  agglomerated  powders  can  be  pulverized  to  primary  particles 
Dielectric  ceramic  green  sheets  were  produced  by  the  doctor  blading  process. 


3.  Result  and  Discussion 

3.1  Agglomerates  size  and  packing  density 

Result  are  shown  m  Fig.  1,  2.  When  agglomerates  are  pulverized  the  packing 
density  gradually  increases,  and  reaches  the  saturation  value  when  the  size  of 
the  primary  particles  is  attained.  This  value  is  almost  equal  to  the  packing 
density  of  60.45  veil  calculated  with  monosized  powders  cast  without  pressure. 


> 

1* 


iB*w  content  9wtO 


0  5  10  IS  20 

Auicwum  o*ft>c*  jtn, 


46^  B^nor  cr.e”  '  Z  •*:>. 


i  0  20  30 


A|i«n>*'»l«2  D*fT:Ci«  **(”1 


Fig  2  Relationship  between  agglomerated 
Fig  t  Reiat'onsnio  between  aggiome'ated  particle  diameter  and  Packing  density 

particle  diameter  and  oacKing  of  gaTiOi  green  sneet 

density  of  Afl,Oi  green  sheet 

3.2  Binder  Content,  Packing  density  and  packing  forms  of  monosized  balls. 

Figure  3  indicates  the  relation  between  packing  00£<Q  (/£X*XD3 

arrangement  and  packing  density  of  monosized  ©0*^0  OCOC^ 

balls.  When  monosized  powders  are  packed  without  rmm—mmm  <■».-.». 

mw0i  »MP»  —^1  *—«i 

,  -  ,  ,  <M*-  UN  >•**.  RK  MW 

external  force  like  doctor  blading  process,  it  can  *— ,  ye  ‘ »— • ■  — 

be  presumed  that  maximum  coordination  number  of  QOhO 

powders  is  8.  Therefore,  theoretically,  maximum  0§88 

packing  density  of  monosized  powders  in  green  ~T*  ~~*7~ 

sheets  is  60.45  volt,  which  is  the  value  of  single  ‘"“SSil* 

stagger  arrangement  in  Fig.  3.  Fif  3  Pscking  forms  of  monosizeb  balls 

Fiqure  4,  5  shows  the  relationship  between  binder  content  and  packing 
density;  the  smaller  the  agglomerates  diameter  and/or  binder  content,  the  higher 
the  packing  density  of  AI2O3  and  BaTiC>3  powders. 

The  maximum  packing  density  of  dielectric  powders,  which  was  obtained  in  this 
work,  is  nearly  equal  to  this  theoretical  packing  density  of  monosized  powders. 

84, - «S| - 
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Fic3  Packinf  forms  of  monosizeb  balls 
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Fig  4  Reiationsmo  between  binder  content 
and  sacking  density  of  A27C1  green 
sheet 

4.  CONCLUSIONS 


”8  ip  '4  '■&  16  56  2C 

SfW  C0»t**t  <wT«4i 

.  Agru-l  i:,:  MOM  *MSW 

Fig .5  Relationship  between  t-rzy  content 
anc  oacKing  density  ot  3aTiC>  S'een 
sheet 


1.  Packing  density  in  the  green  sheets  increases  at  decreasing  agglomerate 
size,  and  reaches  the  saturation  value  of  60.4  vol%  when  the  size  of 
agglomerates  reaches  the  primary  particle  size. 

2.  The  saturation  value  of  60.4  vol%  is  well  matched  with  the  packing  density 
of  60.45  vol%  corresponding  to  a  coordination  number  8  for  monosized 
particles  in  single  stagger  arrangement. 

3.  Especial*/,  in  the  case  of  BaTi03  green  sheet,  when  agglomerates  are 
pulverized  packing  density  reaches  a  maximum  at  a  definite  binder  content, 
and  decreases  when  the  binder  content  deviates  from  this  level,  either 
downward  or  upward. 

4.  The  packing  density  decrease  which  occurs  when  the  binder  content  m  the 
green  sheets  is  too  small  is  assumed  to  derive  from  a  weaker  bonding  force 
of  the  polymethyl  methacrylate  binder  which  incompletely  fills 
interpart icle  voids. 
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S I NTERA8 I  LI  TY  OF  HIGH-PACKING  DENSITY  BaTiOj  GREEN  SHEETS 

*l(. 

Tamotsu  Ueyama , ' Shozo  Yamana,  and  Naoya  Kaneko 

Shimodate  Research  Laboratory,  Hitachi  Chemical  Co.,  Ltd.  1360-1  Tarazaki 
Katsuta,  Xbaraki,  312  Japan 


ABSTRACT:  Sintering  pronerties  was  discussed  regarding  BaTi03  green  sheets  which 
packing  densities  were  different.  The  s in  ter ab i 1 i ty  of  BaTi03  dependent  greatly 
on  agglomerates  size  rather  than  on  the  packing  density  of  powder.  The  larger 
the  agglomerates  size  are,  the  more  the  optimum  firing  temperature  which  are 
vanished  of  open  pores  was  shifts  toward  the  high-temperature  side,  and  the 
firing  density  then  is  diminished  significantly.  On  the  other  hand,  green 
sheets  which  are  pulverized  into  primary  particles  have  the  firing  density  fixed 
at  the  constant  value  5.8  and  does  not  change  at  all  even  when  the  packing 
density  is  significantly  lowered  by  varying  the  amount  of  binder. 

1.  INTRODUCTION 

The  low  temperature  sintering  of  dielectric  ceramic  is  study  by  using  fine 
powder  and  Liquid  phase. 

We  developed  technique  to  pulverize  agglomerated  fine  powder  gradually  into 
primary  particles  in  the  slurry. 

By  using  this  slurry,  production  of  green  sheets  which  packing  density  is 
almost  equal  to  theoretical  packing  density  is  enabled. 

This  report  describes  the  relatipship  between  the  agglomerates  size  and 
packing  density  and  sinterabil l ty  on  the  green  sheets  of  3aTi03  which  was 
manufactured  by  this  techniaue. 


2.  EXPERIMENTS 

As  dielectric  material.  BaT:03  was  used  in  this  work.  Table  1  gives  the 
chemical  composition  of  BaTiC3  powder.  Dielectric  green  sheets  were  produced  by 
the  doctor  blading  process.  Samples  were  sintered  in  the  range  700  1,300°C  in 

an  atomosohere. 

Ttai*  2  Cfififtirmnon  of  BaTjOj  p©«*d*r» 


*P*c ;TTc 

»of(«c*  part  tel* 
«r«a  9ia«wt*r 


C*»*»»t*l  COfnpotitiOr 


Tt  In  Nt> 


«n  Ai  Sr  ,  X: 


s:.:  2«.;  :.«j. r  *«  c.'yo.*)  t.20  c.u  s.c:  0.2:  c.c: 


»  7A*T»ON  CERAMICS 

3.  RESULT  AND  DISCUSSION 

3.1  Agglomerates  and  Firing  Density 
Result  are  shown  in  Fig.  1. 

The  increase  in  the  density  cf  BaTiO^  which  are  pulverized  into  primary 
particles  at  between  1120  120Q°C  is  very  slowly.  In  the  case  of  3aTiOi  when 

agglomerates  size  is  large,  the  increase  m  this  density  is  comparatively  large. 
The  large  agglomerates  size  is,  the  larger  this  tendensy  cf  mcreasemg  in  the 
density  is. 

3.2  Agglomerates  Size  and  Open  Pore  Vanishing  Temperature 

Result  are  shown  m  Fig.  2.  As  shown  m  Fig.  2,  the  smaller  the  acclonates 
size  is,  the  lower  the  firing  temperature  is. 


r 


3.3  Effect  of  Packing  Density  and  Agglomerates  Size  on  the  Firing  Density 

Result  are  shown  in  Fig.  3. 

Sintering  density  of  the  BaTiOj  is  decided  not  by  packing  density  but  by  the 
agglomerates  size  of  powder  in  the  green  sheets.  Possible  reasons  for  this  is 
that  the  extra  vaids  are  made  because  agglomerated  particles  are  disturbed  in 
the  arrangement  condition  of  powder  by  steric  hindrance  and  further  pores  are 
made  in  the  sintered  body  because  sintering  progresses  with  closed  voids  left  in 
agglomerated  particles. 

Fig.  4  shown  the  relationship  between  the  agglomates  size  and  the  density  of 
the  sintered  body  which  are  fired  a  open  porse  vanished  temperature.  The 
density  of  a  sintered  body  increases  rapidly  when  agglomarated  particles  are 
pulverized  in  to  small  agglomarates  size,  and  at  the  primary  particle  diameter, 
saturation  is  carried  out  at  the  Maximmum  value  5.8  g/cm3. 


4.  CONCLUSION 

1.  Sinterability  is  improved  lowering  the  open  pores  vanishing  temperature  when 
agglomerates  size  diminishes. 

2.  When  agglomerated  particles  are  pulverized  into  parimary  particles,  the 
firing  density  of  BaTiOj  at  the  open  pore  vanishing  temperature  becomes  a 
fixed  value  of  5.8  g/cm3. 

3.  This  value  does  not  change  at  all  even  when  the  amount  of  binder  in  the 
green  sheets  is  varied  and  the  packing  density  is  tranced  within  the  range 
of  49  -v.60. 41.  The  reason  for  this  considered  is  that  the  sinterability 
becomes  the  same  because  the  packing  density  becomes  the  same  value  60.41 
after  debinding. 

4.  The  firing  density  changes  greatly  depending  on  acglomerates  size  rather 
than  the  packing  density.  For  instance,  it  becomes  4.9  g/cm3  when  the 
agglomerates  size  of  BaTiOj  is  4.6  m.  This  value  becomes  5.4  g/cm3  at  3.5-m 
and  5.6  g/cm3  at  2-m. 

Possible  reasons  for  this  is:  numerous  pores  are  made  within  the  sintered 
body  because  agglomerates  size  is  disturbed  in  the  packing  arrangement  due 
to  steric  hindrance  making  extra  voids  between  agglomerated  particles  and 
further  sintering  progresses  with  closed  voids  left  within  the  agglomerated 
particles . 

-  18  - 
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AN  INVESTIGATION  OF  THE  LOW  VOLTAGE  FAILURE  MECHANISM*  IN  MULTILAYER 
CERAMIC  CAPACITORS 

C.  JOHN  BRANNON  and  H.U.  ANDERSON 

Department  of  Ceramic  Engineering,  University  of  Mi s sour i -Rol la ,  Rolls, 
Missouri  65401,  U.S.A. 


ABSTRACT:  Increased  leaKage  current  was  induced  into  multilayer  ceramic 
capacitors  by  the  introduction  of  cracks  reaching  from  the  surface  through 
the  electrode  layers  by  means  of  thermal  shock  and  then  exposing  the 
capacitors  to  a  low  voltage  bias  and  a  humid  atmosphere.  Results  indicated 
that  electrolytic  conduction  may  be  responsible  for  the  increased 
conduction  and  that  the  proposed  dendritic  growth  mechanisms  may  be  more 
complex  than  necessary. 

1 .  INTRODUCTION 

In  recent  years  a  problem  has  been  identified  which  concerns  the 
insulation  resistance  failure  of  ceramic  capacitors  which  are  biased  well 
below  their  rated  voltages.  This  is  a  significant  problem,  and  a  research 
effort  has  focused  on  determining  the  cause  of  low  voltage  failures  as  well 
as  developing  a  testing  procedure  to  effectively  detect  those  capacitors 
that  might  be  prone  to  low  voltage  failures.  It  is  a  generally  recognized 
among  observers  of  low  voltage  failure  that  failure  tends  to  occur  only  in 
the  presence  of  moisture  and  most  often  in  capacitors  having  such 
structural  defects  as  voids,  delaminations,  or  cracks  extending  from  the 
surface  through  the  electrode  layers. 

The  dominant  theory  of  low  voltage  failure  in  ceramic  capacitors 
involves  the  growth  of  a  dendrite  of  electrode  material  that  connects  two 
electrode  layers  and  thus  produces  a  short  in  the  capacitor.  According  to 
this  theory,  the  electrode  material  is  dissolved  in  the  water  that 
condenses  in  the  present  defects  which  allows  the  dendrite  to  grow  along 
the  defect  connecting  two  electrode  layers.*'  The  conducting  dendrite  grows 
either  by  electroconduction  or  by  precipitation.  This  kind  of  low  voltage 
failure  may  be  cleared  by  the  application  of  a  voltage  high  enough  to 
vaporize  the  dendrite.  This  study  reports  on  the  interrelationship  between 
cracks,  moisture,  temperature  and  applied  voltage  on  the  low  voltage 
failure  of  multilayer  ceramic  capacitors. 

2.  EXPERIMENTAL 
2.1.  Materials 

Special  x7r,  multilayer  capacitors  were  prepared  by  Presidio  Components, 
Inc.,  San  Diego,  California.  The  capacitors  consisted  of  two  Pd  electroded 
0.003  cm  dielectric  layers  which  were  buried  0.0076  cm  from  each  surface 
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and  separated  by  0.088  cm .  The  separation  of  the  layers  enabled  cracKs  to 
be  introduced  from  the  surface  through  an  electrode  pair  without 
structurally  damaging  the  capacitor. 

2.1.  Measurements 

To  insure  their  integrity,  the  entire  lot,  128  units,  was  subjected  to 
the  methanol  test .  ' 

Structural  delects  in  the  form  of  cracks  were  introduced  into  one  half 
of  the  capacitors  by  thermal  shocking.  Trial  and  error  experimentation 
revealed  that  a  temperature  gradient  of  approximately  770°C  would  introduce 
cracks  extending  from  the  surface  of  the  capacitor  through  the  electrode 
layers  without  otherwise  damaging  the  properties  of  the  capacitor. 

The  cracked  and  reference  capacitors  were  subjected  to  a  variation  of 
the  standard  85/85  test  in  which  the  atmosphere  was  allowed  to  be  either 
dry  or  to  contain  85%  RH.  usually  in  a  4  hours  dry,  4  hours  wet,  and  4 
hours  dry  pattern.  Voltages  were  applied  to  the  capacitors  (0.5  to  70 
VDC)  and  the  leakage  current  monitored  for  times  up  to  20  days  at 
temperatures  ranging  from  85  to  115°C. 

3.  RESULTS 

In  almost  all  cases  in  which  low  voltage  failure  occurred,  a  "sawtooth" 
pattern  of  failure  was  observed.  With  a  dry  atmosphere,  and  1.5  VDC 
current  density  would  typically  hold  staady  at  approximately  10-11 
amps/cm^.  When  a  85%  RH  atmosphere  was  introduced,  the  leakage  current 
would  typically  smoothly  rise  about  2  orders  of  magnitude  and  begin  to 
level  off  at  a  current  "plateau".  The  leakage  current  would  then  abruptly 
jump  anywhere  from  1  to  6  orders  of  magnitude  and  then  smoothly  decrease  to 
the  "plateau"  level.  The  current  level  would  then  abruptly  jump  again, 
thus  repeating  the  cycle  until  the  moisture  was  removed  from  the 
atmosphere.  The  period  of  this  cycle  was  usually  seen  to  be  between  20  and 
45  minutes. 

Low  voltage  failure  was  found  to  be  dependent  upon  the  voltage  level  on 
the  capacitor.  When  a  bias  of  0.5  volts  was  introduced,  no  difference  was 
observed  between  the  leakage  current  of  the  cracked  and  the  reference, 
uncracked  specimen.  However,  at  a  bias  from  1.0  to  20  VDC  low  voltage 
failure  clearly  occurred  with  the  same  "sawtooth"  behavior  as  previously 
observed . 

Lifetests  were  extended  to  up  to  20  days  with  no  change  in  the 
"sawtooth”  pattern  which  was  observed  at  S5%  RH  and  85°C.  During  these 
tests  when  the  moisture  was  removed  all  of  the  failing  capacitors  showed  a 
slow  decrease  of  the  leakage  currents  until  they  matched  the  reference 
capacitors.  In  a  series  of  tests  temperature  was  varied.  The  leakage 
current  was  low  in  the  dry  85°C  atmosphere,  and  increased  dramatically  when 
the  humidity  was  raised.  When,  with  the  humidity  still  at  85%  RH,  the 
temperature  was  raised  to  115°C.  the  leakage  current  returned  to  it 
original,  lower  level  and  the  "sawtooth"  pattern  could  no  longer  be 
observed.  This  supports  the  idea  that  water  which  condenses  into  the 
cracks  in  the  capacitor  plays  the  dominant  tole  in  low-voltage  breakdown. 

4.  DISCUSSION 

The  low  voltage  current  induced  in  the  capacitors  of  this  study  exhibits 
the  "classical"  low  voltage  failure  characteristics,  i.e.  the  presence  of 
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structural  defects  in  the  capacitors  and  the  ability  of  high  voltages  to 
"clear"  shorts  in  the  capacitors.  The  "sawtooth"  pattern  of  failure  is 
peculiar  to  this  study,  although  this  behavior  has  been  seen  in  porous  disc 
capacitors  exposed  to  similar  voltages  and  humid  atmospheres.^ 

The  "sawtooth"  behavior  and  the  absence  of  excess  electrode  material 
being  found  anywhere  in  the  cracks  suggests  that  dendrites  are  not 
responsible  for  the  failure.  Breakdown  ceased  immediately  after  the 
moisture  was  removed  from  the  atmosphere  which  suggests  that  dendrites 
cannot  be  the  source  of  the  increased  leakage  current.  Even  if  dendrites 
require  water  to  grow  in  the  defects,  once  grown  they  should  continue  to 
exist  and  facilitate  breakdown. 

It  is  much  more  likely  that  ionic  conduction  causes  the  increased 
leakage  current.  If  electrolytic  impurities  such  as  chlorine  or  bromine 
salts  were  present  conduction  between  the  electrode  layers  could  have 
occurred  by  means  of  electrolytic  solution.  Any  soluble  impurity  ions  could 
conceivably  take  part  in  this  mechanism.  Also,  water  undergoes  dissociation 
to  H*  and  OH"  at  0.87  volts,  which  could  increase  conductivity.  The  fact 
that  the  onset  of  the  "sawtooth"  behavior  occurs  at  voltages  greater  than 
0.5  VDC  supports  this  suggestion.  At  higher  voltages  the  increased 
currents  could  generate  enough  localized  heat  to  facilitate  the  evaporation 
of  the  aqueous  conductor.  This  could  also  account  for  the  "sawtooth 
effect"  with  the  rapid  rise  in  current  producing  enough  heat  to  effectively 
halt  itself. 

Electrolytic  conduction  is  a  much  simpler  breakdown  mechanism  than 
dendritic  growth,  and  does  not  require  as  narrow  a  range  of  conditions  in 
order  to  take  place.  Furthermore,  conditions  postulated  to  be  necessary 
for  dendritic  growth,  such  as  the  presence  of  moisture  in  existing  defects 
and  the  presence  of  Cl  ions,  are  ideally  suited  for  the  facilitation  of  an 
electrolytic  solution  as  the  conduction  mechanism. 
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Sintered  ZrO^  doped  BaTiO^  compacts  were  prepared  with  and  without 
flux  addition  (S2  wtl)  from  the  CaO. Al system.  In  Zr02  doped 
samples  <11.0  wtl  ZrO^)  solid  solubility  was  found  to  be  s igni f leant  I y 
reduced  when  BaTiO^  was  densified  0931  ThO)  at  temperatures  1 1 300 * C .  The 
added  oxide  was  found  to  exist  as  a  gram  boundary  phase,  which  constrained 
di scont i huous  grain  growth,  giving  a  uniform  fine-grained  microstructure, 
and  an  essentially  flat  dielectric  constant/  temperature  profile  and  low 
dissipation  factor  (<ll.)  over  the  temperature  range  -30  to  *  IIO’C.  As 
the  sintering  temperature  was  increased  by  steps  from  1300  to  t350*C/l-2h 
soak,  STEM  EDS  measurements  showed  a  progressive  Zr  flux  towards  the  grain 
centers  and  apparent  counter  migration  of  Ti  ions,  resulting  in  increased 
grain  size  and  reappearance  of  the  sharply  peaked  dielectric  constant 
profile  at  the  Curie  temperature.  Ef feet i veness  of  the  peak  suppression 
depended  on  the  type  of  ZrO^  used.  With  Ca-staDi I ized  ZrO^  additions, 
greater  dens i f i cat i on  was  achieved  at  equivalent  temperatures,  and  some  PTC 
effect  was  noted  with  Yttria  stabilized,  compared  to  the  unstabilized  ZrO, 


In  fluxed  samples  near  theoretical  densities  where  achieved  at 
temoeratures  <1175*C.  Mi crostructural  analysis  showed  nearly  uniform  grain 
sizes  (<lym)  and  properties  consistent  with  unfluxed  BaTiO^.  X-ray  analysis 
of  Doth  fluxed  and  unfluxed  6aTiO^  showed  a  decrease  in  the  axial  ratio 
with  increasing  ZrO^  content  up  to  2.0  wtl,  with  the  BaTiQ^  becoming 
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progressively  more  PSeudo-cubic  in  structure.  Accompanying  trie  decrease  in 
tetragona l i ty  was  a  lower  dissipation  factor  and  an  increase  in  the 
dielectric  constant.  No  significant  Ion  flux  across  the  grain  boundaries 
was  noted  for  these  samples,  attributed  to  the  relatively  low  sintering 
temperature. 

Dielectric  behavior  of  the  ZrO-  doped  and  fluxed  samples 
suggested  the  existence  of  a  low  dielectric  constant  boundary  phase  which 
constrained  grain  development,  resulting  In  an  expected  preponderance  of 
90*  domains  adjacent  to  the  grain  boundary  regions.  Increased  dielectric 
constant  (small  grain  size),  suppression  of  polarization  response  at  Tc 
(lattice  strain),  low  dissipation  factor  (small  grain  size,  second  pnase) 
and  low  aging  rate  would  be  the  expected  result.  Oata  on  microstructure. 
and  grafn  boundary  structure  and  lattice  parameter  changes  support  these 
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ABSTRACT:  A  barium  titanate-based  dielectric  has  been  developed  which  combines 
high  volumetric  efficiency,  high  reliability  and  low  electrode  cost.  The 
dielectric  has  been  formulated  with  controlled  A/B  site  cation  stoichiometry, 
a  balance  of  donor  and  acceptor  dopants,  and  a  small  amount  (<1.5  wt%)  of  a 
specially  prepared  flux.  The  material  is  intended  for  25U/Y5U  applications  at 
thicknesses  <25  microns  and  has  a  dielectric  constant  at  25°C  of  9000-10,000 
together  with  low  aging  rate  and  low  losses.  Sliver  electrodes  containing 
,<(30%  Pd  can  be  used.  Results  of  life-tests  and  fracture  toughness  measurements 
indicate  the  suitability  of  this  dielectric  for  applications  demanding  high 
reliability . 

1.  INTRODUCTION 

At  the  present  time,  a  variety  of  techniques  exist  for  making  multilayer 
ceramic  capacitors  with  high  volumetric  efficiency  and  low  electrode  cost;  these 
include  lead  injection,  nickel  electrodes,  and  the  use  of  lead-based  relaxor 
systems.  Much  of  the  motivation  for  developing  these  technologies  has  resulted 
from  the  fact  that  dielectrics  based  on  barium  titanate,  which  were  compatible 
with  low-cost  high  silver  content  electrodes,  had  relatively  low  dielectric 
constant.  The  low  dielectric  constant  is  a  consequence  of  the  addition  c£  glass 
or  flux  to  the  barium  titanate  to  reduce  its  sintering  temperature  below  the 
melting  point  of  s 1 1 ver-pa 1  lad lum  alloys.  Substantial  decrease  in  dielectric 
constant  can  result  from  dilution  of  the  high  K  phase,  or  by  unwanted  chemical 
interaction  between  the  glass  or  flux  and  the  barium  titanate.  These  problems 
have  been  avoided  in  a  new  barium  titanate-based  dielectric,  known  as  XL103. 

2.  EXPERIMENTAL 

Submicron  barium  titanate  was  blended  with  additives  to  shift  the  Curie 
temperature  to  15-20°C,  and  to  broaden  the  Curie  peak  to  fit  Z5U/Y5U  tempera¬ 
ture  limits  (e.g.  a  changa  in  K  <56%  between  25  and  85°C).  The  composition 
contained  a  relatively  small  amount  of  lead  and  this  was  fully  reacted  so  that 
it  was  retained  completely  in  the  ceramic  during  processing.  No  bismuth  or 
cadmium  compounds  were  used.  A  minimum  of  glass- forming  oxides  (silica,  boron 
oxide  etc.),  and  no  fluorides,  were  added  to  aid  sintering.  The  A/B  site 
stoichiometry  was  carefully  adjusted  by  considering  the  composition  of  the 
ceramic  and  flux  as  a  whole;  this  minimized  unwanted  minor  phases  and  controlled 
grain  development. 
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The  composition  was  designed  for  use  with  Du  Pont  5200  hinder  solution  to 
make  tape  (following  the  manufacturer's  instructions)  and  70%  Ag/30%  Pd 
electrodes  (Du  Pont  4772D).  Organic  binders  were  thoroughly  removed  by  hake- 
out  to  400°C,  or  bisque  firing  at  750°C.  MLC's  were  fired  on  setters  or  in 
saggers  at  I100°C  for  about  2  hours. 

3.  RESULTS 

Typical  results  for  MLC ’ s  of  different  styles  are  given  in  Table  1. 
Dielectric  constant  was  9300  to  10,000  with  low  DF  at  1  volt/mil.  TCC  is  tight 
at  85°C  but  K  10,000  is  possible  with  Z5U  or  YSU  characteristics  with  careful 
processing,  as  illustrated  in  Fig.  1.  A  low  aging  rate  of  3.0%  per  decade  and 
low  DF  at  ambient  temperature  and  above  result  from  operation  on  the  para- 
electric  side  of  the  Curie  peak.  As  can  be  seen  from  Fig.  2,  DF  does  not 
increase  with  frequency  (in  contrast,  for  example,  to  most  relaxor  dielectrics 
that  are  used  for  high  K  applications). 

Finally,  all  the  test  data  indicate  that  this  is  a  very  reliable  dielectric. 
The  material  has  a  fracture  toughness  of  0.9  HPa.m*^,  typical  of  dielectrics 
based  on  barium  titanate,  and  has  survived  various  DC  bias  and  huraidity/bias 
tests  as  summarired  in  Table  2. 


4.  CONCLUSION 

Low-firing  dielectrics  based  on  barium  titanate  are  safe  and  easy  to  process, 
and  have  an  established  reputation  for  reliability.  Competitive  It's  for  25U  or 
Y5U  applications  are  now  possible. 
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TABLE  1.  Electrical  Properties  of  11)03 

Finng  Effective  \  VRMS  AC<®8S-C  BvC  RiC 
Temp  CC)  K  %  DF  (%)  25-  a5- 

(0.5  wF  2225  Sire  5  Active  Layers) 


10,000  1.00% 
9,700  t.20% 


(0.17  pF  1 209  Size  10  Active  Layers) 

1100  10.000  1.30%  -56. 

1080  9.300  '  1.40%  -54. 


"500  2100 
10900  2000 


10C00  1000 
10000  1000 


TABLE  2.  MLC  Life-Test  Performance  ( 25  un  lavers' 


volts 

Te*o.(°C) 

Time  (h) 

Result 

100 

85 

1000 

No  degradation 

200 

125 

24 

No  degradation 

50 

85/85  R.H. 

1000 

No  degradation 
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ABSTRACT:  The  physics  of  electron  conduction  in  BaTiO^ -based  ceramic  is 
reviewed.  Measurements  related  to  a  conductivity  anomaly  near  the  Curie 
temperature  for  high  resistance  BaTiOj  ceramic  are  presented.  Contributions 
of  donor  ionization  energy,  crystallographic  transition,  and  grain  boundary 
barrier  are  discussed. 

1.  INTRODUCTION 

We  have  established,  for  some  specific  types  of  BaTiO. -based  ceramic, 
that  current  is  caused  by  electrons,  with  a  near-exponential  time  increase 
that  can  be  attributed  to  ionic  movement  and/or  grain  boundary  impedance 
reduction. ^  The  contribution  of  grain  boundaries  to  impedance  of  high 
resistance  BaTiO^-based  ceramic  (>  10^3  ohm-cm)  is,  however,  still  not  clear. 
This  study  is  intended  to  help  clarify  this  issue. 

z.  t/wPERIilcNTAL 

Galvanic,  thermoelectric  and  leakage  current  measurement  techniques  we 
have  used  on  EaTiO- -based  samples  are  described  in  the  literature.  ^  ^ 

These  measurements  were  performed  mostly  at  elevated  temperatures.  In  an 
effort  to  improve  understanding  of  conduction  in  high  resistance  ceramic 
near  room  temperature,  we  have  extended  dielectric  constant  and  conductivity 
measurements  to  below  70°C.  Samples  are  BaTiO^-based  discs  with  guard  ring 
electrodes,  measured  under  low  voltage  (ohmic)  bias. 

3.  RESULTS  AND  DISCUSSION 

Galvanic,  thermoelectric  and  current  measurements  versus  temperature, 

/IT) 

voltage  and  time  have  been  reported  elsewhere.  ~  Some  of  these  results 
will  be  presented. 

A  conductivity  versus  inverse  temperature  plot  for  a  high  resistance 
oaTiOj  ceramic  disc  is  shown  in  Figure  1.  This  characteristic  has  at  least 
two  salient  features:  a)  linear  regions  below  and  above  the  Curie  temperature, 
with  activation  energies  of  about  0.66eV  and  1.  lleV  respectively;  b)  a  strik¬ 
ing  discontinuity  near  the  Curie  temperature.  Such  features  do  not  resemble 
those  of  PTC  or  low  resistance  single  crystal  material.  A  somewhat  similar 
spike  (although  much  less  prominent)  has  been  reported  for  single  crystal 
3aTiQ^,^^  and  for  polycrystalline  material, ^  although  those  curves  differ 
from  that  of  Fig.  1  in  ocher  ways. 

The  causes  of  the  conductivity  peak  have  not  been  conclusively  established. 
Since  such  a  peak  has  been  reported  for  single  crystal  material,  it  may  not 
be  totally  a  grain  boundary  effect  for  our  case.  However,  the  size  of  the 
peak  in  Figure  1  coincides  with  the  large  increase  in  permittivity,  and  a 
decrease  in  grain  boundary  barrier  height  would  be  expected.  Another 
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possible  mechanism  is  a  reduction  in  conduction  electron  ionizacion  energy, 
since  such  energies  in  general  vary  inversely  with  permittivity,  .“.ore 
extensive  measurements  on  polycrvstalline  samples,  with  varying  grain  size 
for  example,  will  be  necessary  to  clarify  these  points. 
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2.  H.  Y.  Lee,  K.  C.  Lee,  J.  N.  Schunke  and  L.  C.  Burton,  IEEE  Transactions 
CHMT-7,  443  (1904)  . 

3.  L.  C.  Burton,  IEEE  Transactions  CHHT-8,  517  (1985). 

4.  A.  Branwood  and  R.  H.  Tredgold,  Proc.  Phvs .  Soc.  76,  93  (1960). 

5.  K.  Lehovic  and  C.  A.  Shirn,  J.  Appl.  Phvs.  3_3*  2036  (1962). 
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Figure  1.  Electrical  conductivity  versus  inverse 
temperature  for  SaTiOm  ceramic  disc.  Conductivity 
spike  occurs  at  Cur ie J temperature . 
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0IEUCTR1C  AND  PIEZOELECTRIC  CERAMICS  HISTORICAL  DEVELOPMENTS:  CORRECT  STATES  ACS  RJT.Sl 
PROSPECTS 

L.  ERIC  CROSS 

Materials  Research  Laboratory,  The  Pennsylvania  State  University,  university  Pari,  ^A  I6SSZ 


AbSTRACT:  Tne  present  generation  of  dielectric  and  piezoelectric  ceramics  which  are  used  'n 
capacitors,  transducers,  actuators,  and  PTC  thermistors  draw  heavily  upon  the  phenomena  of 
ferroelectric! ty  and  ferroelastici ty.  In  this  talk,  the  evolution  in  unders tanoi ng  of 
tnese  phenomena  will  be  traced  and  the  ongoing  interplay  between  pasic  unOers tanoi ng  anc 
'serendipitous'  technological  innovation  underscored. 

The  historical  grounawork  for  tne  discovery  of  ferroe lectnci  ty  was  laid  in  the  last 
century  by  famous  crystal  physicists  Weiss,  Pasteur,  Porkels.  Hooke,  Grotn,  Voigt  and  the 
brothers  Curie  were  major  contributors.  Beginning  with  the  pioneer  work  upon  Rochelle  salt 
and  KDP,  the  study  of  ferroelectrici ty  accelerated  rapidly  during  world  War  II  with  tne 
simultaneous  discovery  of  barium  titanate  in  tne  U.S.,  Japan  and  tne  Sdviet  Unidn.  There 
followed  in  the  1 950 ' s  and  early  60's  a  period  of  very  rapid  proliferation  with  more  than 
100  new  ferroelectrics  identified.  Over  this  period,  many  Japanese  scientists  made  major 
contributions  both  in  Japan  and  to  groups  in  the  USA.  In  the  following  decade,  the  concepts 
of  soft  modes  and  order  parameters  lead  to  tne  age  of  "high  science"  in  tne  sixties. 

Neutron  experiments  soon  authenticated  the  soft  mode  concept  and  lead  to  the  discovery  of 
a  number  of  peculiar  improper  ferroelectrics  such  as  gadolinium  molybdate.  It  was  at  tins 
time  that  Aizu  in  Japan  and  Shuvalov  in  the  USSR,  using  symmetry  arguments,  began  to  point 
up  tne  possibilities  of  ferroelastic  and  of  secondary  ferroic  phenomena. 

In  the  seventies  came  the  age  of  diversification  in  which  the  electro-  tic  properties, 
defect  chemistry  and  transport  behavior  in  polycrystal  ceramics  were  more  fully  exploreo, 
but  much  theoretical  work  diverged  strongly  from  oractical  objectives  following  tne 
fascinating  structures  with  incommensurate  phases,  lock  in  transitions,  improper,  pseuoo 
proper  and  coupled  phase  changes. 

In  the  decade  of  the  80's,  however,  one  discerns  a  convergence  again  between  practical 
and  theoretical  with  renewed  focus  upon  "glassy  ferroelectrics,"  'ferroelectric  rgiaxors' 
and  otner  nanocomposi te  systems.  New  needs  for  very  tough  ceramics  are  driving  more 
practical  interest  in  ferroelastics  and  inprooer  ferroelectrics,  and  renewed  interest  in 
the  pnysics  of  martensitic  metals  begins  to  draw  upon  tne  lattice  dynamic  and  pnenoneno- 
'logical  toois  of  tne  ferroelectri cian. 

for  tne  technological  thrusts  in  tnis  decaoe.  we  are  witnessing  the  beginnings  of 
eiectroceramic  integration,  ferroelectric  capacitors  and  piezoelectrics  being  integrated 
into  multilayer  ceramic  packages  along  with  metal  interconnect  circuitry  and  ceramic 
resistors,  following  the  trends  clear; y  evident  in  semiconductors,  we  may  look  forward  to 
further  integration  and  mmiatur:  zation  in  tne  years  aheac  as  tne  sophistication  of  new 
processing  metnods  becomes  more  fjlly  applied. 
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MICROSTRUCTURLS  AND  NANOSTRUCTURES  Of  RELAXOR  fERROELECTRICS 


MARTIN  P.  harmer 

Department  of  Materials  Science  and  Engineering,  Lehigh  University.  Bethlehem,  PA  18015 


USA 


ABSTRACT:  In  order  to  better  understand  and  exploit  the  properties  of  relaxor  ferroelectri  cs 
it  is  imperative  to  develop  a  deeper  understanding  of  the  microstructure  and  microchemistry 
of  these  materials.  Since  many  fundamental  properties  of  relaxors  have  been  traced  to  events 
taking  place  on  a  nonoscopic  scale,  analytical  and  transmission  electron  microscopy  (AEM  and 
TEM)  are  ideal  techniques  for  investigating  these  materials  further.  The  present  work 
describes  the  results  of  detailed  TEM  and  AEM  studies  of  several  important  classes  of  lead- 
based  relaxor  ferroelectric  systems. 


1.  LEAD  SCANOIUM  TANTALATE  Pb(Sc1/2Ta1/2)03 


Lead  scandium  tantalate  (PST)  is  an  attractive  model  system  in  which  to  study  relaxor 


behavior  because  of  the  degree  of  control  over  the  B-site  cation  ordering  that  can  be  achieved 


by  heat  treatment.  Setter  and  Cross^  have  studied  extensively  the  dielectric  properties  of 


PST  as  a  function  of  the  degree  of  ordering  (S)  of  the  Sc"**  and  Nb^+  ions.  In  our  work  on  PST 


we  have  studied  the  microstructure  as  a  function  of  the  degree  of  cation  ordering^.  Single 


crystals  of  ordered  ($*0.8)  and  disordered  (S*0.35)  PST  were  found  to  contain  ordered  micro- 


chemical  domains  %  20-60  nm  in  size  dispersed  within  a  disordered  matrix2\  No  microstructura 1 


changes  were  observed  after  the  single  crystals  were  annealed  for  24  hr  at  1000°C.  In  sintered 
polycrystals  aged  similarly,  however,  the  domains  did  coarsen  considerably  producing  non- 
uniform  structures  containing  anti-phase  domain  boundaries  (APB's)  separating  domains  which 
varied  in  size  from":  20*400nrn.  Anomolous  (1/2, 1/2,0)  suoerlattice  reflections  were  observed 
in  the  selected  area  diffraction  (SA0)  patterns  in  all  samples.  This  reflection  is  forbioden 
for  a  perfect  Nad-type  ordered  structure.  It  was  postulated  that  these  anomolous  reflections 
originated  from  small  regions  (%  !nm)  of  short  range  order  having  a  primative  type  of  unit 
cel  1 . 


2.  LEAD  MAGNESIUM  NIObATE  Pb(Mg1/3Kb2/3)03 


Microchemical  ordering,  ferroelectric  domains  and  secondary  phases  have  been  characterized 
’.n  Pb(Mgj^..Nb2/.3)03  (PMN)  and  PMN :  lO'LPbTiO.^' .  A  substantial  degree  of  ordering  between  the 
Mg^  and  Nb^*  ions  in  single  crystal  and  polycrystalline  PMN  and  PMN:PT  was  revealed  by 


the  presence  of  (1/2, 1/2,  1/2)  superlattice  reflections  in  the  SAD  patterns.  Dark 
field  imaging  using  the  (1/2, 1/2, 1/2)  reflection  provided  direct  evidence  of  microchemical 


ordering  on  a  scale  of  ~  2-5nm.  One  interpretation  of  the  SAD  patterns  is  that  the  Mg 


2+ 


and 


Nb3  ions  order,  on  a  nanostructural  scale,  in  the  same  manner  that  Sc^*  and  7a'*  order  in 


PST.  A  NaCl-type  ordering  arrangement  in  PMN,  however,  would  upset  the  local  stoichiometry 
and  introduce  a  charge  inbalance  that  would,  as  a  consequence,  be  expected  to  limit  the  domains 
to  very  small  sizes.  A  hint  that  this  may  indeed  be  the  case  comes  from  observations  that  the 
domains  in  PMN  do  strongly  resist  coarsening  during  prolonged  heat  treatments.  Alternatively, 
the  ordering  could  take  place  as  alternating  (111)  layers  with  Nb3*  ions  in  one  layer  anq  a 


mixture  of  Nb3  *  Mg^  ions  in  the  other.  Microcheraical  analysis  is  requried  to  distinguish 


between  these  mqdels. 


-31  • 


a 


a 


Ferroelectric  domains  were  observed  only  in  PflN  containing  10**.  PbTiO^  and  only  at 
temperatures  less  than  -1?Q'C.  Tne  domain  bounaaries  were  found  to  lie  on  (100)  and  (11C) 
whicn  i$  consistent  witn  tne  formation  of  70v  ana  1 09 c  domain  boundaries  in  tne  rnomooneara  1 
system.  Tne  angle  -i  in  tne  rnombonedral  unit  cell  was  determined  to  be  89.95 t  j.  -  30'. 

A  cubic  pyrocnlore  pnase  in  tne  form  of  large  isolated  grains  of  composition 
Pb^Nb .j  ^2  wds  detected  ,n  sintered  samples  made  via  the  mi xeC  oxide  method. 

Samples  made  from  reagent  grade  starting  oxides  contained  second  pnase  films  over  a  significant 
proportion  of  tne  yrain  boundaries.  The  films  were  rich  in  lead  and  phosphorus.  The  use  of 
ultra  high  purity  starting  powders  minimized  the  amount  of  i ntergranular  impurity  pnase 
present,  leading  to  much  improved  dielectric  properties. 

3.  UAD  LANTHANUM  MAGNESIUM  MI0BATE  Pb,  La  Mg,,  w,Nb,~  w,0, 

1-x  a  (l+x)/3  (2-x)/3  3 

A  family  of  compositions  referred  to  as  PlMN  were  studied  in  which  Me:Nb  was  adjusted 
closer  to  1:1  in  order  to  enhance  the  degree  of  Mg  *:Nb  *  ordering;  the  excess  magnesium  was 
internally  charge  compensated  by  doping  with  la  on  the  Pb  sites.  The  following  range  of 
compositions  were  studied:  0.01  <  x  <  0.5.  For  x  0.05  isolated  mi crochemi ca 1  domains  %  lOnm 
in  site  were  observed,  for  x  o.l  complete  ordering  was  observed  along  with  the  appearance 
of  APB’s.  The  microdomain  sice  increased  with  increasing  x;  domains  as  large  as  500nm  were 
observed.  Strong  (1/2. 1/2, 1/2)  superlattice  reflections  were  observed  in  the  x-ray  diffraction 
patterns  as  well  as  in  the  SAD  patterns.  Evidence  for  a  ferroelectric  domain  structure  at 
- 18o°C  was  eotai nod. 

4.  LEAD  ZINC  NIOBATErlEAD  TITAHATE  Pb ( 2n 1 / 3Nb 2/ 3 )03 : 10S  PbTIOj 

Flux  grown  single  crystals  of  PZN:10SPT  were  studied  by  TEH;  this  composition  falls  on  the 
tetragonal : rhombohedral  norphotrooic  chase  boundary  at  room  temperature.  The  material  was 
confirmed  to  be  perovskite  by  SA0.  Very  faint  ( 1/2, 1/2, 1/2)  superlattice  reflections  were 
observed  in  the  SAD  patterns  indicating  a  slight  tendency  for  ordering  (much  less  than  in  PMN 
however) . 

Ferroelectric  domains  were  visible  at  room  temperature  and  below.  The  domain  width  was  very 
small  (<10nm)  and  the  domain  configurations  were  consistent  with  rhombohedral  symmetry. 
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DIELECTRIC  PROPERTIES  OF  F I NE-GRA 1 SED  BaTiOj  CERAMICS  DERIVED  FROM 


BaTl0IC204)2'  4Ho0 
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ABSTRACT:  FINE-GRAINED  BaTiO^  powder  was  produced  by  coprec i p l t a t  i on 


method  using  oxalic  acid.  The  effect  of  BaO/TiO.  mole  ratio  and  sintering 


parameters  on  the  dielectric  properties  of  the  products  were  studied.  At  the 


BaO/TsO.  mole  ratio  =  1.000.  dielectric  constant  value  at  room  temperature  (K25 


and  at  curie  temperature  (KI25>  were  651)0  and  14000  respectively 


1.  INTRODUCTION 


The  process  of  manufacturing  BaTiO-j  powder  which  is  used  as  a  raw 


material  of  capacitors  include  both  solid  phase  reaction  and  reaction  in 


solution.  BaTi  0<C.,0  ,  4Ho0  was  inilialy  prepared  by  reaction  in  solution  from 


T  i  C 1 4  .  BaCl^  and  (COOHi,,.  The  effect  of  P.afi/Ti0o  mole  ratio  and  sintering 


parameters  on  the  dielectric  properties  of  fine-grained  BaTiO-j  derived  from 
BaTi0(Co04  l,,- 4Ho0  were  studied. 


2.  EXPERIMENTAL 


2.1  MATERIALS 


F.aT  i  Ot  C  ,0^  )  ,•  4H  ,0  prepared  by  copreci  pi  t  at  i  on  in  a  mixed  solution  of  T  i  C  i  . 
Bad,  and  oxalic  acid  was  calcined  at  800  C  for  1  Hr  in  air.  Caicined  BaTiCi^ 


powders  were  pressed  into  pellet  at  uniaxial  pressures  of  iOtiO  Kg/cm*  and 


s i nt  ered  for  1.5  -  2.0 


Hrs  in  air.  BuO/TiO,,  moie  ratio  of  B.<T  i  Ol  C^n^  i  ?  4H,li  *a 


controlled  by  the  mole  ratio  of  raw  materials  such  as  T i Cl  / < COOH : and 


TiCl./BaCl,.  inetliod  of  admixing.  pH  of  solution  and  so  on. 


2.2  MEASUREMENT 


The  relative  dielectric  constant  was  measured  as  a  function  of  temperature  a 


I  V. Hz  using  a  low  f reguency  impedance  analyzer  Hewlett  Packard  4  102  A.  lndium- 


Garium  electrode  were  Placed  on  both  surfaces  of  the  samples  by  vain* inn. 


3.  RESULTS 


BaTiOj  powders  produced  in  such  a  process  we:  e  0.2  -  0.3  )im  in  diameter  of 


grain  size  and  impurity  level  was  less  than  10(1  wt  PPM.  Effec*  of  Batl/T tO,  mol 


ratio  and  sintering  temperature  on  the  dicier 


toiv-'ar.t.  dissipation  lactsi 
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LOW  TEMPERATURE  FIRED  GLASS-CERAMICS  DIELECTPIC  MATERIAL 
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ABSTRACT:  Sintering  process  of  glass-Al20j-2Mg0-Si02  system  and  glass-AljO^ 
system  Detween  800°C  to  900“C  were  investigated.  At  glass-Al^Oj  system,  glass 
and  AljOj  don't  react,  while,  at  glass-Al20-,-2Mg0-Si02  system,  2Mg0-Si02  dis¬ 
solves  in  the  glass  and,  as  the  result,  B20j  in  the  glass  react  with  Al^O,,  and 
new  crystal  2A1202'B202  occurs.  This  process  is  effective  for  dense  sintering 
and  chemical  resistance. 

i  1.  INTRODUCTION 

\ 

.  A  low  temperature  fired  multilayer  ceramic  technology  has  been  developed  for 

hybrid  circuits. 

The  low  temperature  fired  ceramic  is  composed  of  glass  phases  and  refractory 
'  filler  materials.  Relative  amount  of  the  glass  and  filler  phases  are  adjusted 

to  give  dense,  hermetic  fired  structures. 

The  present  study  reports  the  interaction  between  borosilicate  glass  and 
ceramics,  and  the  effect  of  2Mg0-Si02  additives. 


N 


*.s 


2.  EXPERIMENTAL 

2.1.  Materials 

Several  kinds  of  glass-Al^O^  and  glass-Al202-2Mg0-SiO2  films  were  made  by  a 
doctor  blade  method,  and  sintered  at  900°C  for  2h  in  air,  and  boiled  in  90°C  hot 
water  to  test  the  chemical  stability. 

2.2.  Measurements 

Mechanical  and  electrical  properties  were  measured.  »ray  diffraction. 
Scanning  Electron  Microscope  and  Transmission  Electron  Microscope  observations 
were  carried  out  on  the  sintered  samples  which  are  before  and  after  boiling. 

3.  RESULTS  and  DISCUSSION 

At  glass-Al20j  omarv  system,  glass  and  AljO^  did  not  react  at  900°C.  At 
class-Al 202-2MgO- SiOj  ternary  system,  major  part  cf  2McO-SiC2  dissolved  m  the 
glass  and  as  tne  result,  3,0-;  in  the  glass  reacted  with  A1203  and  new  needle 
like  crystal  iAijGj-BjOj  occured  in  the  grain  boundary  of  glass  and  AljOj.  It 
was  clarified  that  the  process  and  the  structure  is  effective  for  dense  sinter¬ 
ing  and  chemical  resistance.  The  reasons  are  considered  as  follows: 

!i)  lAljOj-BjOj  crystall itation  is  effective  for  sintering  agent 
(2)  Relative  amount  of  32C-  m  the  glass  phase  are  reduced,  which  has  good 
resistance  to  water. 
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ABSTRACT:  Dielectric  ceramics  cased  on  barium  titanate  and  glass  components 
for  multilayer  ceramic  capacitor  with  nict.el  electrodes  has  been  aeveicped. 

The  ceramics  could  be  fired  at  temperature  less  than  120C*C  in  an  atmosphere 
of  low  oxygen  partial  pressure,  exhibited  high  dielectric  constant  ( Y5V : 1 CCCC- 
12000,  X7R:  27C0-33CC)  ar.d  high  resistivity  (above  1 C**  ‘TZcrri ) . 

The  multilayer  chip  capacitors  with  nickel  electrodes  using  these  dielectic 
materials  have  good  characteristics. 

1  .  INTRODUCTION 

Conventional  multilayer  ceramic  capacitors  employ  electrodes  of  noble 
metals  such  as  Pd  or  Ag.  For  replacing  Pd  or  Ag  by  cheaper  alternatives, 
multilayer  ceramic  capacitors  with  base  metal  electrodes  have  been  reported. 

In  this  work,  we  presents  the  dielectric  materials  which  can  be  fired  at  low 
temperature  in  reduced  atmosphere.  Then  we  shows  their  application  to  nultilaye 
chip  capacitors  with  Ki  electrodes. 

2.  EXPERIMENTAL  PROCEDURE 

The  starting  materials  for  the  basic  perovski te  compounds  were  BaOO^.SrCC^, 
IaC0o,TiC~  and  DrC „ .  They  were  weighed  according  to  tne  general  formula, 


i a.  £ 


nsuiation  resistance  increase  rtm  e:]y  on  addition  ; f  ^lass  cor.p . r.ent 5 * 

he  insulation  resistance  is  higher  than  1  Guiles* 

*tg*5(a;,(L)  shows  temperature  jnaracteristicc  i  uieltjctric  constant 

he  systea  of  (ba-  .,-r  Ca  _)  (Ti-  Zr  )0.j-plass  components  shows  various 
1  x->  x  y  1-2  z  3* 

eaperature  characteristics  according  to  their  coapositicns  and  exnii.it 
igh  dielectric  constant  1GOOO-12GOG  for  :5V  specification. 2700- 33 JO  for 
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ABSTRACT:  Barium  titanate  ceramics  doped  with  SiO,  CuO  and  ZrC>2  were  fired 
under  several  low  oxygen  partial  pressures,  and  their  dielectric  properties 
were  measured.  The  dielectrics  yielded  a  high  dielectric  constant  (k*14,000) 
and  high  resistivity  (  lO^O-cm)  when  they  were  fired  with  an  nickel 
electrode  in  a  reducing  atmosphere  of  1 0*  11 •  P  ( 0 2 )  -  10  ^MPa.  The  dielectrics 
are  suitable  for  large- capacitance  monolithic  ceramic  capacitors  with  nickel 
electrodes. 

1.  INTRODUCTION 

Advanced  dielectrics  and  firing  technologies  for  monolithic  ceramic 
capacitors  have  been  developed  in  order  to  be  able  to  substitute  base  metals, 
such  as  Ni,  for  noble  metal  electrodes1-4*.  In  this  case,  the  firing  of  the 
capacitors  should  be  carried  out  under  low  oxygen  atmosphere,  since  nickel 
electrodes  oxidize  completely  when  fired  m  air.  In  this  study,  newly 
developed  o. electrics  weie  .xicu  under  several  P ( 0 2 i  aUuvipheres  *-:>  wider  to 
realize  practical  firing  conditions  of  nickel  electrode  monolithic  capacitors. 


s 


2.  EXPERIMENTAL 

2.1.  Materials 

Two  dielectric  materials  "A"  and  "B"  were  prepared  by  the  conventional 
powder  process.  "A"  is  a  new  composition  and  "B"  is  a  normal  one. 

A:  ^(Ba0.82Sr0.08Ca0.10)o31.005^Ti0.322r0.18,O2>°-lat%MnO2 
B:  Ba  <Tlg.82Zro.  12)03 

The  test  samples  were  prepared  in  disc  form  (14  mm  in  diameter  by  1.0  mm 
thick).  The  discs,  with  and  without  Ni-paste  on  the  surface,  were  sintered 
under  P(02)  ranges  of  10-2  to  10-16MPa. 

2.2.  Measurements 

An  In-Ga  alloy  was  applied  as  a  conducting  electrode  on  the  sintered  disc. 
Resistance  was  measured  at  room  temperature  on  a  megohmmeter  at  500  V  dc  or  on 
a  resistance  meter  with  low  voltage.  Capacitance  was  measured  on  an  LF 
impedance  analyzer  at  1  V  and  1  kHz . 


3.  RESULTS 

Figure  1  shows  the  resistivity  at  room  temoerature  vs  sintering  P(O^). 

in  z 

The  "A"  dielectrics  yielded  high  resistivity  (  iO'Trch)  ,  when  P(C-)  was  hicner 
than  2x10  *2MPa.  At  ?  { 0 2 )  lower  than  10-14M?a,  the  samples  were  converted  to 
dark-colored  semiconductors.  This  marginal  P  ( >  was  close  to  the  equilibrium 
one  for  TijO^-TiCj  (e.g.,  5x1 0-  ^ 4  MPa  at  1  300  ‘C).  The  dielectrics  "3"  always 
showed  low  resistivity. 

Figure  2  shows  the  dependence  of  the  dielectric  constant  on  the  sintering 
atmosphere.  The  "A"  dielectrics  sintered  m  the  ?(C,)  ranee  of  10  tc 

-  40 
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V 
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10  -  MPa  showed  a  very  high  dielectric  constant  (14,000)  and  low  dissipation 
factor  (-1.5%).  At  the  P(02)  regions  higher  than  10  *'MPa,  the  dielectric 


constant  of  the  Ni-electroded  disc  decreased  with  increasing  PfC^)* 
The  dependence  of  the  dielectric  constant  on  temperature  for  the  "A" 


dielectrics  co-fired  with  the  nickel  electrode  in  various  P ( O 2 )  atmospheres  is 


shown  in  Fig.  3.  The  temperature  which  shows  maximum  dielectric  constant  was 
not  affected  by  the  sintering  atmosphere. 


4.  DISCUSSION 


The  equilibrium  P(00)  for  Ni-NiO  at  1300 °C  is  2x10  °MPa.  But  even  in  the 
lower  PfOj)  regions  (to  10  **MPa),  nickel  metal  on  the  dielectric  ceramics  was 


partially  oxidized  and  reacted  with  ceramics,  resulting  in  a  degradation  of  the 
dielectric  properties.  Firing  atmosphere  for  the  nickel- electrode  monolithic 


ceramic  capacitors  with  "A"  dielectrics  has  to  be  controlled  accurately  within 
the  P<02)  ranges  of  10_1*  to  10-*3MPa. 


|TI, 0,  jTIO, 
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Fig.  1.  Resistivity  of  the  "A" 
and  "B”  dielectrics  sintered 
under  various  P(0,)  at  1300°C 
and  1400'C,  resoectively ,  for 
2  h. 


Fig.  2.  Dielectric  constant  of  the  "A" 
dielectrics  sintered  with  and  without 
Ni-eiectrode  under  various  P(0,i 
atmosphere  at  1300  °C  for  2  h. 
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Fig.  3.  Temperature  dependence  of 
dielectric  constant  of  the  "A" 
dielectrics  sintered  with  Ni-electrode 
under  low  cxyce.n  partial  oressures  at 
1300 °C  for  2  h . 
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ABSTRACT:  In  order  to  develop  X7p  multilayer  ceramic  capacitor  with  base  metal  electrodes, 
the  system  of  RaTiC »-CaZrC J-KnC-Y^C 5  was  studied.  These  dielectric  ceramics  are  sintered  in 
an  atmosphere  of  low  oxygen  partial  pressure  to  yield  a  high  resistivity  (1 C1 4j1.cm) ,  a  hi rh 
dielectric  constant  (2700-3KC)  and  a  flat  dielectric  temperature  characteristic.  The  multi¬ 
layer  ceramic  capacitors  with  nickel  electrodes  fabricated  using  the  dielectrics  have  pood 


characteristics  that  meet  X7F. 


1.  iKTHcrmcriOfi 


f^ultilayer  ceramic  capacitors  have  been  increasingly  used  in  electronic  circuits.  However, 
the  material  rests  of  t^e  capacitor  are  high  because  of  precious  metal  electrodes  such  as  pal¬ 
ladium.  Several  methods  are  proposed  to  reduce  the  material  costs]”*)  Cne  way  to  achieve 
low  cost  is  to  use  base  metal  such  as  nickel  and  copper  for  internal  electrodes.  The  present 
study  reports  the  dielectric  materials  that  can  he  fired  in  a  low  oxygen  atmosphere  and  have 
a  flat  dielectric  temperature  characteristic  that  meets  X7R ,  and  their  application  to  multi¬ 
layer  ceramic  capacitors  with  base  metal  electrodes. 


2.  -aPrSlKSTAL  PHCC:OU?.7 


2.1.  Dielectric  Materials 


Given  quantities  of  ?a?iC  j ,  CaZrCi,  ?tnCC*  and  Y^Ci  were  weighed,  ar.d  they  were  mixed  with 
3  %  PV A  cinder  and  water.  After  drying,  the  power r  was  pressed  into  a  disk  1?  mm  m  diameter 
and  *.2  mm.  in  thickness.  T'-e  disk,  was  baked  at  V  *C  in  air  tc  burn  out  binder,  torn  it  was 
fired  at  1 27t m  a  low  oxygen  atmosphere  controlled  by  and  He  gasses.  An  In-La  elec¬ 


trode  was  attached  to  the  surface  of  the  sintered  disk. 


Capacitance  ana  dissipation  factor  were  measured  by  a  digital  LCP  meter  (YKP.4274A)  at  1  krz 


with  1  Vrms.  Fielectric  constant  wa3  calculated  frem  a  capacitance  and  a  dimension  of  a  cisk. 


Insulation  resistance  was  measured  after  applying  ?$(  Vdo  for  1  minute. 
2.2.  Yul  til  aver  Ceramic  Cacao: ter 


Green  chips  wer»  fabricated  us  in  r  rr»e-  dielectric  sh^»tj-  with  3*,^”  thickness  ar.d  a  nek*! 


electrode  ink  in  tne  convent ic.na 2  rreen  sneer  met-cd.  These  '*-:ps  were  firec  in  a  low  oxygen 


atmosphere,  "re  ter- mm t icn  was  forced  oy  applying  nickel  alley  »lectrcde  or.  each  end  of  tre 
crip  and  fired  at  cC.(  . r. 

Capacitance  and  dissipation  factor  w«r»  measured  in  tre  came  way  as  twe  disk  samples.  Insu¬ 


lation  resistance  was  measured  after  applying  pf  Vdc  fer  1  minute. 


Figure  )  anc  2  stow  tempera tu 


ara“ ter : s t :-s  of 


C err ’art  as  a  fu.rcticr  of 


CaFrCt  cr  V-Ci  ccnt-r.t. 


eperature  craractenrt  :c  curves  s  r :  f  p  0. 


Cafrf  *  content,  ar.d  -ecore  flat  with  increasing  v-'  ,  cor.tert.  -ewever,  cer?-;:?  r~r  taming 


more  than  1  rrclv  Y*f i  are  net  well  oirt^r^d  ever  at 


ar.c  V-C ?  for  a  flat 


mcl'  t  and  ' .  -  -  , -cl' 


Figure  3  shews  die"  metric  ccrst^r* 
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Dielectric  constant  decreases  witr.  increasing  hnC  content,  tut  these  compositions  nave  rela¬ 
tively  hiph  dielectric  constant  (  > ) .  Insulation  resistance  :s  r irrer  t.nan  *  £JXcm  wren 
the  ceramics  contain  mere  than  i  ,c  molr'  Yn<  .  Tne  increase  cf  insulation  resistance  cn  aoditicr 
of  hnC  can  be  understood  by  the  compensation  action  of  the  acceptor  type  depart. 

Figure  A  srows  the  insulation  resistance  of  ceramics  related  to  the  coventicnal  raTiC^  - 
Kb^C ^  system  and  the  new  developed  system  when  they  are  fired  m  several  oxygen  atmospheres. 
Insulation  resistance  of  the  conventional  system  decrease* remarkably  with  decreasing  oxygen 
partial  pressure.  Cn  the  other  hand*  the  new  developed  system  keepshifh  insulation  resistance 
in  low  oxygen  partial  pressure  (*  x  ’C*1^  -  1  x  ,-_c  atm.).  In  order  tr  make  a  .nickel  elec¬ 
trodes  multilayer  ceramic  capacitor,  rr*en  chips  should  he  fired  under  low  cxypen  partial  pres¬ 
sure  less  than  that  cf  the  Ki-riO  equilibrium  at  finryr  temperature.  Cir.ce  the  oxygen  partial 
pressure  of  the  N’i-t.*iC  equilibrium  at  t *SC#C  is  about  K~*  atm.,  the  new  developed  ceramics 
are  usable  for  this  purpose. 

The  dielectric  material  of  this  system  was  applied  to  the  multilayer  ceramic  capacitor  with, 
nickel  electrodes.  The  characteristics  of  capacitors  are  listed  in  Table  i.  mhese  capacitors 
meet  X7P  and  snow  no  degradation  under  the  lead  life  test  0?^*C,  ICC  Vdc,  1G0C  Hr). 
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BARIUM  MODIFIED  LEAD  ZINC  NIOBATE  DIELECTRICS  FOR  MULTILAYER  CERAMIC  CAPACITOR 
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Yamagata  993,  Japan 


ABSTRACT:  Substitution  effects  for  lead  zinc  mobate  based  ceramic  by  barium 
and  titanium  have  been  systematically  investigated.  It  was  found  that  the 
partially  substituted  lead  zinc  mobate  dielectric  by  barium  and  titanium 
has  shown  to  be  a  promising  candidate  for  multilayer  ceramic  capacitor. 


1.  INTRODUCTION 

In  order  to  improve  disadvantages  of  BaT*0^  based  dielectric  material, 
studies  of  new  high  dielectric  constant  relaxor  materials  are  widely  carried 
out.  The  authors  have  succeeded  in  easily  synthesizing  perovskite  type  lead 

zinc  niobate  as  a  ceramic  form,  by  means  of  partial  substitution  by  stron- 
1  -  2  ) 

tium  and  titanium  .  In  the  present  study,  dielectric  properties  of  the 
lead  zinc  niobate  based  compositions,  in  which  the  dielectric  constant 
maxima  show  at-cur.d  the  room  temperature ,  has  beer,  investigated  by  the 
adjustment  of  the  amount  of  barium  and  titanium  substitution. 


2.  EXPERIMENTAL  PROCEDURE 

The  studied  compositions  were  of  the  general  formula, 

(  Pb1  _xBax  )  [  (  Zn1  /  3Nt52  /  3  *  yTl  z  ^°3  whlch  hereafter  is  abbraviated  as  PBZT 
1 00x/ 1 OOy / 1 OOz .  Dielectric  powder  preparation  was  carried  out  by  conven¬ 
tional  method.  The  disks  were  fired  m  a  magnesia  crucible  at  980  to  1,150°C 
for  2  hours.  Then  they  were  formed  to  1.0mm  thick,  printed  silver  paste  as 
electrodes  on  both  surfaces  and  fired  at  700°C. 


3.  EXPERIMENTAL  RESULTS 

The  sintered  bodies  were  crashed  into  powders  and  measured  a  relative 
amount  of  perovskite  phase  (P.A.)  by  X-ray  diffraction  method  with  CuKa 
radiation.  The  results  are  shown  in  Fig.  1.  It  can  be  seen  that  the  compo¬ 
sition  partially  substituted  by  barium  and  titanium  represents  high  (P.A.) 
ratio. 

Figure  2  snows  temperature  dependences  of  relative  dielectric  constant 
and  dissipation  factor  in  PBZT  27/60/40  compared  to  Y ST  characteristics 
BaTiO^  based  dielectric.  In  all  temperature  regions,  the  PBZT  2"’/60/40  shows 
gentle  and  high  dielectric  constant  curve  compared  to  the  BaTiO^  based 
dielectric  owing  to  diffuse  pnase  transition  effect. 

Figure  3  shows  tolerance  factor  t  in  the  PBZT  system.  It  can  be  found 
tr.at  (P.A.)  tends  to  high  with  increasing  m  substitution  ratio  cf  barium 
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and  titanium.  Furthermore,  perovskite  crystal  structure  has  an  ionic  bond. 
As  a  scale  of  amount  of  ionic  bond  component,  electronegativity  proposed  by 
Pauling  is  well  known.  According  to  this,  the  amount  of  ionic  bond  component 
between  two  atoms  PAg  are  expressed  as 

PAB.1-exP[-1/<(XA-XB>2]. 

Figure  4  shows  the  amount  of  ionic  character  in  tne  PBZT  system.  Since 
the  amount  of  ionic  character  becomes  larger  when  tends  to  unity,  it  is 
explained  that  barium  and  titanium  substitution  is  effective  for  perovskite 
phase  formation  of  lead  zinc  niobate  ceramics. 


TEMPERATURE  ("Cl 


Fig.  1.  Dielectric  properties  for 
the  PBZT  27/60/40  and  conventional 
YST  characteristics  BaTiO.  based 
dielectric.  J 
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Due  to  the  rapid  increase  in  application  of  ferroelectrics  in  electronic 
industry,  ferroelectric  titanate  and  mobate  materials  have  been  studied 
extensively  [1,2)  and  composite  materials  made  up  of  such  ferroelectric 
particles  dispersed  in  a  polymer  matrix  have  attracted  the  attention  of 
materials  technololgists  due  to  its  ese  of  preparation,  higher  sensitivities 
and  favourable  ecoconomics.  Anomalous  piezo-  /  pyro-  electric  properties  have 
been  noticed  [31  in  composites,  basically  due  to  the  changes  in  the  molecular 
motion  of  the  polymer.  In  the  present  study,  dielectric  relaxation  studies 
were  therefore  planned  on  composites  between  PZT  and  certain  mechanically 
sound  polymeric  materials  to  unfold  the  effect  of  composite  formation  on  the 
molecular  motion  of  the  polymer  phase. 

The  polymer  materials  used  for  the  composite  formation  were  vinyl  acetate  - 
vinyl  chloride  (VA-VC)  co-polymer,  amide  cured  epoxy  IACE),  nitrile  rubber  - 
poly  vinyl  chloride  (NR-PVC)  blend  and  piezoelectric  poly  vinylidene  fluoride 
(PVDF).  The  base  materials  for  VA-VC,  ACE  and  NR-PVC  were  obtained  from 
Calico  Products  (Bombayl.  The  PVDF  material  used  was  Kynar  grade  film  as 
supplied  by  Pennwalt  USA.  The  starting  material  was  of  pure  trans  form  ( TTTT 
configuration ) . 

Free  films  of  the  composite  materials  were  formed  on  a  notorized  film 
applicator  between  75  micron  PZT  particles  (  composition  :  Pb0.54  La0.04 
ZrO . 5 1  TiO.49  03  )  55vol%  and  the  VA-VC,  ACE  and  NR-PVC  polymers.  PZT  -  PVDF 
composite  was  formed  by  pressing  a  pre-formed  PZT  film  against  the  Kynar  PVDF 
film  at  about  80  C.  The  t  hicknessess  of  the  films  were  limited  to  the  site 
of  PZT  particles  (  about  75  microns). 

Dielectric  measurements  were  performed  using  a  k'ayne-kerr  autobalance 
capacitance  bridge,  in  the  temperature  range  30  to  150  C.  A  silicon  oil 
thermostat  was  used  for  the  temperature  variation  studies. 

The  variation  of  dielectric  loss  (tan  )  with  temperature  (t  C)  plots 
were  depicted  in  figures  1  and  2  for  the  pure  polymers  and  composites 
repectively.  New  dielectric  relaxa  tion  peaks  were  observed  m  the  case  of 
VA-VC  and  PVDF  composites  below  glass  transition  temperature.  In  VA-VC 
composite  the  observed  relaxation  was  attributed  to  the  segmental  motion  of 
the  VA  and  VC  segments.  Ir.  the  case  of  ;.re  VA-VC  polymer  the  relaxation  was 
known  to  occur  oelow  room  temperature  (-20  C).  Owing  to  coupling  of  the 
polymer  segments  with  the  polarization  charge  of  PZT  particles  it  cou.d  oe 
possiDle  that  the  relaxation  of  the  segemental  met. or.  has  been  shifted  to 
higher  temepratures . 


In  the  case  of  PVDF,  a  relaxation  around  70  C  was  known  to  occur  due  to 
the  segmental  motion  in  the  TGTG  configuration.  No  such  relaxation  was 
however,  known  for  the  all  trans  (TTTTI  configuration.  In  fact,  the 
starting  PVDF  material  (fig.lbl  didnot  show  any  relaxation  peak  around  this 
temperature.  The  observation  of  new  relaxation  peak  in  the  composite  at  about 
80  C  (fig.2b>  was  therefore  ascribed  to  the  parti  al  conversion  of  the  TTTT 
to  the  TGTG  configuration.  Relaxation-  due  to  the  segmental  motion  of  NR-PVC 
and  ACE  composites  were  not  observed  in  the  experimental  range  of 
temperature  viz  30  to  150  C.  The  high  temeprature  -C  -  relaxation  owing  to 
the  motion  of  the  main  polymer  chain  near  glass  transition  was  mostly 
unchanged  in  the  composites. 
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ABSTRACT:  We  developed  Pb(Zr,Ce)Oj  ceramics  having  a  high  dielectric 
constant (E^ ) ,  a  high  Q  and  a  negative  temperature  coefficient  of  the  resonant 
f requency (Tj ) .  Combining  this  with  a  conventional  dielectric  ceramic,  we  made 
a  ceramic  which  exhibited  E£«170,  Q-1200,  and  Tj*80ppm/°C  at  3GHz. 

1 .  INTRODUCTION 

The  ceramic  required  to  make  a  good  microwave  resonator  must  have  three 
important  dielectric  properties. 

(1)  A  high  £r  to  miniaturize  the  size  of  resonator  in  proportion  to 
l/fr/Tc.  (fr  is  the  resonant  frequency) 

(2)  A  high  0  factor  to  keep  the  power  loss  as  low  as  possible. 

(3)  A  low  Tf  to  stabilize  the  resonant  frequency. 

We  investigated  microwave  resonators  at  3GHz  which  need  high  E_  because  the 
frequency  of  3GHz  is  a  rather  long  wavelengh  for  microwaves.  There  are  some 
conventional  ceramics  having  high  Er,  high  Q  and  a  large  positive  Tj  at 
microwave  frequencies.  It  is  conceivable  that  ceramics  having  negative  Tf , 
can  be  combined  with  the  conventional  ceramics  to  produce  a  resonator  having  an 
extremely  small  Tf.  The  purpose  of  our  study  was  to  develop  ceramic 
compositions  having  high  Ef,  high  Q  and  a  large  negative  Tf. 

2.  EXPERIMENTAL 

2.1.  Sample  Preparation 

All  the  starting  materials-  PbO,  Zr02  and  Ce02  with  a  purity  of  above 
99.8%-  were  weighed  to  give  the  compositions  in  Fig.l.  These  materials  were 
ball  milled  for  16  brs,  then  dried  and  calcined  at  850°C  for  1  hr.  The 
product  was  reground  in  a  ball  mill,  then  dried.  The  powder  was  pressed  into 

disks  and  hot  pressed  at  1250°C  for  4  to  10  hrs  under  a  pressure  of  100  to 
2 

250F.g/cm  .  The  hot-pressed  disks  were  cut  into  a  form  having  a  resonant 
frequency  of  approximately  3GHz. 

2.2.  Measurements 

Dielectric  properties  at  microwave  frequencies  were  measured  by  the  resonant 
cavity  method  in  the  TEg^j  mode.  A  sample  was  inserted  into  a  wove  guide  which 
acted  as  a  band  rejection  filter,  resulting  in  a  dip  curve  on  tne  network 
analyzer  display.  The  unloaded  Q  was  calculated  from  the  resonant  curve.  The 
E.  was  calculated  using  the  value  of  the  fr  and  the  size  of  the  sample. 

The  Tf  was  measured  in  a  temperature  range  from  -20°C  to  60°C. 


/  . 
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3.  RESULTS  AND  DISCUSSION 

Figure  2  shows  the  relation  between  Ec,  Q  and  T ^  as  a  function  of  the 
Pb/Zr  ratio  when  the  CeO^  content  is  constant  at  Smolt  from  (A)  to  (B)  in 
Fig.l.  We  found  the  value  of  £  and  Q  was  highest  when  the  ratio  is  sligntiy 
over  one.  Figure  3  shows  the  change  of  the  dielectric  properties  against  CeOj 
contents  from  (C)  to  (D)  in  Fig.l.  Hot-pressed  PbZ rO^  without  CeO^  is  well 
sintered,  but  has  a  Q  so  low  it  cannot  be  measured  at  3GHz.  The  small  addition 
of  CeOj  to  PbZrO-j  improves  the  dielectric  properties,  especially  the  Q 
value.  We  found  an  excellent  composition  of  Pb2  06(ZrQ  98Ce0  02,O3  06 
((E)  in  Fig.l)  which  has  a  high  E  (1401,  a  high  0<850)  and  a  large  negative 
Tc (-1080ppm/°C) .  The  microstructure  of  a  Pb(Zr,Ce)Oj  is  shown  in  Fig. 4 
and  the  relation  between  the  diameter  of  grains  and  the  CeOj  content  is  shown 
in  Fig. 5.  It  should  be  noted  that  (E)  has  the  largest  grain  size  and  gives  the 
best  and  Q.  We  suppose  that  the  addition  of  CeOj  to  PbZrO^  increases 
the  sinterabil ity  of  PbZrOj  and  improves  the  dielectric  properties.  Table  1 
shows  the  combination  properties  of  a  stacked  ceramic  formed  of  (E)  and  a 
conventional  ceramic. 


Fig.  1. 

Composition  diagram. 


Dielectric  properties 
as  a  function  of 
Pb/Zr  ratio  at  3GHz. 


Dielectric  properties 


at  3GHz. 


TABLE.  1. 

Dielectric  properties  of 
combined  ceramics  at  3GHz. 


Fig.  4.  Microstructure 
of  a  ?b ( Zr , Ce ) 0, 


CeO: 


between  arain  size 


and  CeOj  content. 


Comp 

'.1  ) 

PbZrO^-CeOj 

(2) 

SrT.03-NiO 

-NbjOs 

n  )*<2  i  ! 

1 

Er 

140 

230 

170  | 

O 

8SC 

2800 

1200 

Tl 

(ppm 

-1080 

1250 

80  i 

—  D1 


high  dielectric  constant  CERAMICS  FOR  MICROWAVE  RESONATORS 
H .  SATO ■  K.  AYUSAWA,  K.  SAITO,  and  K.  KAWAMUKA 

Research  Laboratory.  OKI  Electric  Industry  Co.,  Ltd.  Tokyo.  Japan 


ABSTRACT:  Dielectric  ceramics  consisting  of  BaO-Sm-jOj -CeOj -LaiC's -TiOj  -ere 
investigated  for  applying  microwave  dielectric  resonators. 

The  material  developed  has  the  following  properties:  dielectric  constant  (£ri: 
75.5,  unloaded  Q(Qu);1870  at  5GHz,  and  temuerature  coefficient  of  resonant 
frequency,  (Tf);0  ppm/*C.  X-ray  analysis  shows  that  the  main  compound  of  the 


ceramics  are  Ba  (  R  E  ) ,  Ti,  0,  ,  :  R  E  »  Sm  ,  Ce  ,  La  . 

2  5  14 

makes  this  material  susceptable  to  HF+HNOj  mixed  acid. 


The  addition  of  Ce02 


1 .  INTRODUCTION 

Dielectric  ceramics  having  a  high  values  of  £r  and  Qu,  and  a  small  value  of 
X+are  necessary  for  mini ?-urizing  microwave  devices  such  as  dielectric 
resonators.  BaTi«0f  hat  ligh  value  of  £r,  however  Tf  is  not  0  ppm/*C.  we  have 
investigated  the  effact  Sm20j,Ce0a  and  LajOj  addition  in  (BaOItTiOj)^  and 
succeeded  in  developing  new  dielectric  ceramics. 


2.  EXPERIMENTAL  PROCEDURE 

The  starting  materials  were  BaCOj (G.A. ) ,  TiGjIG.R.l.  SmjOj ( 99 . 9% ) ,  Ce02 
(99.9%)  and  La203  ( 99 . 9%  )  .  They  were  mixed  with  distilled  water  in  a  pot  and  then 
dried.  The  mixed  powder  was  calcined  at  1080*C  for  2h  in  air.  After  the 
calcination,  the  samole  was  pulverized  in  a  not  and  dried.  Calcined  powder  was 
granulated  and  pressed  into  disks  and  then  sintered  in  an  alumina  crucible  at 
1250*C  to  1 4 0 0 °C  for  2h  in  air. 

The  microwave  dielectric  characteristics  were  measured  by  Hahxi  and  Coleman's 


dielectric  resonator  method 


improved  by  Robavashi  and  Tanaka 


3.  RESULTS  AND  DISCUSSION 

Figure  1  shows  the  diagram  of  the  ( BaO) ( Sm20j • CeOj • LajOj i ( TiGz  iu  system.  The 
nached  areas  I  and  X  were  examined  in  tne  present  study.  Figure  2  snows  the  de¬ 
pendencies  of  £r,  Qu  and  Tf  on  */2  in  ( BaO )  j  (  Sm^Oj  -tu  1  Ce^z  1  c  tS8  ;'-aj03  ] 

(7i0j)4  in  area  I.  Tf  increases  with  an  increase  m  M/2  and  becomes  0  ?om/*C 

at  W2  -  0 . 1 ,  where  £r  and  Qu  are  75.5  ar.d  IS'0  (SGHzi,  respectively.  Figure  3 
shows  £r,  Qu  and  Tp  as  functions  of  a  particular  set  of  wi  and  w;  m  ISaO)  [lSm2 
■-J '(-wi-w2(Ce02 'wi  (La2  0j  )WJ  |  (Ti02  )» ’.  In  this  case.Tf  is  almost  zero  ICC1  ppm/'C; 
in  the  whole  experimental  range.  Er  and  Qu  are  constant  in  the  range,  wi=o~ 
0.175  and  wj-0.154  ~  0.09,  WI  “0~0.3  and  W2=0 . 1 54 ~ 0 . 04 5 .  respectively.  These 
findings  indicate  that  if  the  compositions  of  the  ceramics  vary  along  the  line 
AB  in  Figure  1,  they  always  give  Tf=0  ppm/*C.  Similar  experiments  showed  that 
the  lines  DE  and  FG  in  Figure  1  give  the  compositions  corresponding  tpTf*lI  a-.: 
-10  ppm/'C,  respectively.  X-ray  analysis  shows  that  mam  compound  of  the  C  com; 
ceramics  was  Ba  (  ?  E  )  ^  Tij  0^  :  R  E  =  Sm  ,  Ce  ,  La  The  chemical  at::.::.: 

property  is  imoortant  for  the  metal 1 1 zat ion  of  the  ceramics.  Figure  4  snows  tne 
SEM  photographs  cf  samples  as-sintered  and  etched  m  a  HF-HNC3  acid  sol::;:- . 


The  ceramics  containing  CeC^  die  easily  eteneo  in  this  ac-d. 


The  BaO-Sm2Oj -CeO^ -La^Oj -Ti02  ceramics  have  excellent  dielectric 
cnar acter i sties  in  the  microwave  region.  X-ray  analysis  shows  that  the  mes 
suitable  ceramics  for  resonators  are  mainly  consisting  of  Ba  (  R  E  )  ^  Tl5 
R  E  »  Sm  ,  Ce  ,  La  .  The  ceramics  are  susceptable  to  HF  containing  acid.  Th 
property  makes  metaiiration  by  chemical  plating  very  easy.  These  ceramics 
therefore. are  useful  for  microwave  resonators. 
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Fig  l  Diagram  of  the  system  ((BaO) 

USmj03)1.wl.W2(Ce02)wt(LQj03)w2)(Ti02k] 
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F'S.3  Dielectric  cnaracteristics  <x  the 
system  ((Ba0>((Smj03),..„,.w;,<CeC2)w1 
(La2C3)w2)(Ti02)4]  as  function  of  wi 
and  W2. 


c>g.2  Dielectric  characteristics  of  the  system 


as  functions  of  W2  _ _ 
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Fig  4  SEM  Photographs  as-smtered 
and  etched  ceramics  m(HF. HN03)acid 
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ABSTRACT:  Microwave  characteristics  of  the  system  Ba (Mq ^  Ta ^  ^ ) O^-BaSnO^ 
were  investigated.  Although  Ba  (Mg^ 3Ta2/3 > °3  ha<^  a  perovskite  pseudocell  and 
hexagonal  superstructure,  the  superstructure  was  not  formed  after  the  addition 
of  BaSnOj  of  more  than  about  10  mol%.  Sintering  of  solid  solution  Ba  (Sn^  ^ 

MgQ  jTa^  g)Oj  was  accelerated  compared  to  those  of  Ba(Mg,Ta)0j  alone,  and  the 
microwave  Q  value  was  also  improved.  The  resultant  dielectric  characteristics 
are  as  follows:  K=24.5,  Q*20,000  at  10  GHz,  and  temperature  coefficient  of 
resonant  frequency,  Tf=0  ppm/°C. 

1 .  INTRODUCTION 

Dielectric  resonator  ceramics  have  gained  an  important  position  as  a  key 
element  for  microwave  components.  Among  many  materials  developed  for 
dielectric  resonators,  those  with  complex  perovskite  structure  have  very  high  Q 
values1  31 .  Complex  perovskite  materials  of  the  system  Ba (Mg ,Ta ) O^-BaSnO^ 
are  investigated  here.  This  system  presented  a  very  high  Q  value  and  would  be 
useful  for  applications  of  millimeter-wave  frequency. 

2.  EXPERIMENTAL 

2.1.  Materials 

Reagent  grade  Baco^,  MgCO^,  Ta^O,.,  and  SnO^  were  mixed  by  ball-milling  for 
16  h.  They  were  dried  and  calcined  at  1200 °C  for  2  h.  The  powder  was  milled 
again  with  organic  binder,  pressed  into  discs  12  nun  m  dia.  and  5  mm  thick  and 
then  sintered  at  1550°C  for  4  h. 

2.2.  Measurements 

The  crystal  structure  was  examined  using  powder  X-ray  diffraction,  and  the 
microwave  dielectric  characteristics  were  measured  by  Kakki  and  Coleman's 
dielectric  resonator  method. 


3.  RESULTS 

Ba  (Mg^ i jTa^ ^ ) 0^  has  pseudocubic  unit  cells  with  hexagonal  superstructures 
because  the  two  B-site  ions  are  of  ordered  conf icuration.  Fig.  1  shows  the 
» ray  powder  diffraction  patterns  cf  this  material.  The  Miller  indices 
parameters  m  the  figures  are  these  of  hexagonal  superstructure,  and  the  peaks 
marked  by  an  asterisk  are  caused  by  the  formation  of  superstructures. 

This  material,  however,  has  the  problem  that  it  is  difficult  in  sintering  to 
dense  ceramics.  The  addition  cf  EaS.nO.  accelerated  the  sintering  and  improved 
the  Q  value.  Fig.  2  shows  that  the  optimum  Q  value  is  obtained  by  the  addition 
of  about  10  mol%  BaSr.O^.  The  peaks  cf  superstructure  have  disappeared  in  the 
X-ray  diffraction  patterns  of  Ba  (Sr,.  .Me.  .Ta.  AO.. 

0  .  i  ' 0  .  j  0.6  j 

Fig.  3  shows  the  frequency  dependence  of  this  5a (Sn ,Mc , Ta ) C^  ceramic  whose 
Tf  is  optimized  to  3  ppm/°C. 
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4.  DISCUSSION 

We  reported  that  the  Q  value  of  Ba(Zn,Ta}0^  was  unproved  by  the  audit 

J  2 ) 

BaZrO^  whose  lattice  constant  is  larger  than  that  of  3a(Zn,Ta)03  .  In 

system  Ba  (Mg , Ta ) 0^- BaSnO^ ,  BaSnO^  also  has  the  larger  lattice  constant  o 
4.12  A,  i.e.,  pseuaocubic  unit  cells  of  Ba(Mg,Ta>0^  has  the  lattice  cons 
4.00  A.  The  B-site  ions  in  the  solid  solution  are  assumed  to  be  more  st 
bonded  in  the  oxygen  octahedron  than  m  Ba(Ma,Ta)03  itself.  And  this  st 
bonding  seems  to  improve  the  Q  value  of  solid  solution,  adding  to  the  ef 
accelerated  sintering. 
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Fig.  1.  X-ray  powder  diffraction  patterns  of  Ba (Mg 1 ^Ta2 /3 > °3 
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Fig.  2.  Dielectric  characteristics  Fig.  3.  Frequency  vs  K  and  0 

of  Ba  (Mg  ,?a)  O^-SaSnO,  ceramics.  for  3a  (Sn  ,Mg  ,Ta )  C,  ceramic. 
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ABSTRACT  Microwave  Properties  of  B.iO-TtO--WO.  u'umn  svsicni  were  imcsitguied  Addition  o(  ;i  .imouiii 

<»f  WO,  to  n.iO  XT.O:  leads  to  an  explicit  improvement  ol  {J  ami  T>  (leni|M.raturc  coefficient  ol  resonant  licqum- 
cy)  Microwave  properties  ot  the  compositions  with  \*4  to  J  *  amt  V*t»  to  nn4  in  the  equation  *.| 

BiiO*Xl  »C);  i  I  +  X)N  WOv  were  observed.  VI  nh  the  ranee  •  •(  \-J  to  4  3  .md  ^  =  o«U  to  imjujv  hieher  (J  value' 

(btM  It  I  —  9UUU  at  (>GHt)  and  lower  Ti  values  ol  ticarlv  /cio  l  — tt  >  to  2  5  ppm' t )  with  (  ol  V'-  >.s  were  obtained 
These  ceramics  had  three  kinds  of  crystallines  com|»oscd  ol  Ua!i,0...  Ba:U,<.>>,  and  Hii\V()4.  It  was  tound  th.u  these 
improvements  seem  to  he  attributed  to  lluNMJj  crvstallmes  with  a  negative  Tt.  which  is  segregated  as  a  secondare 
phase  by  WO,  addition  in  the  dielectrics. 

1.  INTRODUCTION 

Ceramics  of  the  TiO:  rich  region  of  HaO-TiO.  system  swell  as  HaTiiO..1'  and  Ba:Ti.,0>,:’-4'  are  well  known  to  be 
{tood  dielectric  resonator  materials  at  microwave  dequeue)  In  oidci  tv*  improve  the  O  values,  suvli  iiicthvnjs  «i> 
chemical  treatment  of  calcined  materials  or  addition  of  smaff  amounts  of  Mn’’  were  reported  previously.  Tliere 
arc.  however,  few  data  on  the  reduction  of  Tt.  The  optimum  of  these  published  data  tor  BaOTiO;  dielectrics  .ire 
understood  as  following.  BaTi.,0.,  (BaO-4TiO:):  £«3  K.  Q*mtK)  at  4GHz,  (Q-hUtKI  at  f>GHz).  Ti  *  15-20  ppm‘C  " 
Ba:TivO>,  (BaO-4.5TiO:):  £-39-40.  0  *  HUM)—  1 1  .utm  at  4GHz.  (0  =  5300-7300  at  hGHz).  Tf  =  2  ppnv*C:'*41 
In  our  case,  the  segregated  BuW04  crystallines  formed  by  WO,  addition  have  an  advantage  for  both  improve¬ 
ment  of  O  and  T /.  This  paper  is  mainly  concerned  with  the  relation  between  the  WO,  amount,  the  micros! ruelurc 
and  the  microwave  properties. 

2.  EXPERIMENTAL 

2.1.  Material  and  Procedure 

The  starting  materials  composed  of  BaCO,.  TiO;.  WO,  and  MnCOt  powder  with  a  purity  of  99.7  to  99.9rr 
were  mixed  to  be  the  designated  composition  mentioned  above,  in  which  MnO  was  fixed  to  0.1  molO .  The  mixed 
powder  was  calcined  at  IUU0°C  in  air  for  4Hrs  Ball  milled  powder  was  cold  pressed  into  disks  and  then  sintered  at 
a  temperature  ranging  between  I.Vm^C  to  U2o°C  in  0;  for  2Hrs. 

2.2.  Measurement 

The  microwave  properties  of  the  dielectrics  were  measured  by  the  resonant  cavils  method  on  the  TE„1A  mode  .it 
'’GHz.  XRD.  SEM  and  EPMA  analysis  were  used  to  examine  the  microstructure  of  the  dielectrics 


5  RESULT  AND  DISCUSSION 

In  order  to  study  microwave  properties  for  our  dielectrics,  we  selected  several  points  of  \(4  —  4.5)  in  the 
composition  written  us  BaO XTiO;  (I  +  X)> WO,. 

The  properties  of  BaO  4T>0;  and  BaO-4.5TiO;  with  a  small  amount  of  WO,  (Y  =  n  —  oiU)  were  represented 

ivptcully  in  Fig  1  In  each  case,  the  addition  of  WO-,  at  Y=lMl2  shows  remurkahi.  increase  of  Q  (7!Ui. 

s?OU^.ync>0-9uoui.  which  is  however  saturated  with  further  addition  It  is  still  difficult  to  explain  this  favorable  0 
behavior  tat  Y— OtlJ) 

On  the  other  hand,  it  is  well  explained  from  Fig  |  and  the  microstructure  of  these  dielectrics  (Fig  2)  tha(  the 
change  of  E  and  If  seems  to  depend  on  the  segregation  of  BaWOj  and  BaTi.XK.  in  BaO-4TiO:  or  of  BjWO,  and 
TiO.-  in  BaO  4  5TiOv  The  increase  of  E  and  Ti  is  due  to  segregation  of  TiO:  The  decrease  of  £  and  Tf  is  due  to 

segregation  of  B.iWO,  It  is  thought  from  the  optimum  data  ot  Ti.  -u  5  ppm  :C  tor  BaO  4TiO:-u  IWO-.  (Y  =  iMi2t 

that  BaW  Oj  must  have  negative  Tf  with  smaller  E  than  ba:Tt..O>.  and  BaTi.O..  The  segregation  ol  Bu:Ti..O:„  is 
effective  for  £  increase  and  T.’  decrease  Therclorc  in  order  io  obtain  a  dielectric  resonator  with  hteh  0  and  zero  T- 
w,th  relative!)  high  £.  cocvisicncc  of  three  kinds  of  crvstallmes  of  BaTLO.,.  Ba:Ti..0:,,  and  BaW04  is  required, 
t £  —  .'.'s  —  .dv|  The  reaction  equations  with  WO,.  winch  wj>  identified  hv  EPM.A  quantitative  anaivsis  tor  the  micro- 
structures,  would  he  interpreated  as  follows.  Table  I  is  the  summ.irv  of  our  siudv 

—  55  — 


Ojuidri)  ii 


FERROELECTRIC  AND  n  RuLLLC  i  K J C  HkOFLKTlU  Or  .-RUTTLK-DEl'OSl  1  ED  i’Z i  AND  PT  FILMS 


M.  ADaCHI,  T.  SHIOSAkl,  and  A.  kAWABATA 

Department  of  Elettiurucs,  Futuitv  ui  Engineering,  Kyoto  University, 
Sakyoku,  Kyoto  006,  Japan 


ABSTRACT:  [ill ]-or irnted  PZT(^0/10)  films 
have  been  successfully  grown  with  good 
epitaxy  onto  the  c  plane  of  sapphire  and 
epitaxial  Pt  film  substrates  by  the  rf- 
magnetron  sputtering  method.  The  crystal- 
lographic  identifications  of  these  PZT  and  PT 
films  are  made  by  the  X-rav  and  RHEED 
measurements.  Dielectric,  ferroelectric  and 
pyroelectric  properties  of  the  films  are 
measured.  Pyroelectric  coefficients  at  room 
temperature  have  been  determined  as  4.5  and 
3.Sxl0“®C/cm2K  for  epitaxial  PZT  and  poly- 
crystal  line  PT  films,  respectively.  Epitaxial 
PZT(90/10)  films  on  Pt/sapphire  possess 
desirable  properties  for  potential 
applications  in  pyroelectric  devices. 

1.  INTRODUCTION 

PbTiO^fPT)  is  a  tetragonal  system  with  a 
point  group  of  4mm  and  its  [001]  axis  is 
polar.  On  the  other  hand,  the  polar  axis  of 
PZT(90/10)  belonging  to  the  rhombohedral 
structure  is  parallel  to  the  [21i]  axis. 
[100]  snd  [  111  ]-onented  platinum  (Pt;  films 
have  been  successfully  grown  with  good 
epitaxy  onto  (100)MgO  and  (0001 ) sapphire 
substrates,  respectively.  These  films  are 


were  a  gas  content  of  Ar‘80%)  «•  a 

gas  pressure  of  (0.8-2)  x  l0““Torr,  an  rf 
power  input  of  around  150k,  and  a  substrate 
temperature  of  around  600°C.  The  Pt  films 
with  a  thickness  of  about  0.3  urn  were 
deposited  epitaxially  onto  sapphire  and  MgO 
substrates  bv  the  same  method  at  a  substrate 
temperature  of  450°C  and  also  used  as 
substrates  for  preparing  epitaxial  PZT  and  PT 
films. 

3.  RESULTS  AND  DISCUSSION 

The  crystalline  structures  of  films 
deposited  at  various  conditions  were 
investigated.  At  substrate  temperatures 
lower  than  580°C,  a  metastable  pyrochlore 
structure  appeared.  PZT  of  perovskite 
structure  were  obtained  at  substrate 
temperatures  higher  than  about  560°C.  The  X- 
ray  diffraction  pattern  of  an  epitaxial 
(lll)PZT  film  sputtered  on  the 
( 1 1 1  )Pt/(0001 ) sap  phi  re  at  the  substrate 
temperature  of  61D°C  is  shown  in  Fig.l . 
Figure  2  snows  a  typical  RHEED  pattern  of  the 
epitaxial  film.  The  epitaxial  relations  were 
found  to  be  ( 1 1 1  )PZT//(  1 1 1  )Pt/ /(0001  )sa ppmr e 
and  [ ll0)PZT//( 110]Pt//[ lOlOJsapphire.  On  the 


also  used  as  lower  electrodes. 

In  this  paper,  sputter-deposition  of 
[  1 1 1] -oriented  epitaxial  films  of  rhombo¬ 
hedral  PZT(90/10)  in  the  perovskite  phase, 
and  their  dielectric,  ferroelectric  and 
pyroelectric  properties  are  mainly  described. 

2.  EXPERIMENTAL  PROCEDURE 

An  rf-planar  magnetron  sputtering 
equipment  was  used  to  fabricate  PZ7C90/10) 
and  PT  I ; lss.  The  optimum  sputtering 
conditions  for  those  perovskite  type  film 
preparation  adopted  m  t.ne  present  experiment 


P: /sapphire . 


P'rOO-COEFFIClEMf  (10  ’Ccm  >-C  ') 


Fig. 2  RHEED  pattern  of  the  epitaxial 
F2K90/10)  thin  film  on  Pt/sapphire. 
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Fig. 3  Temperature  dependence  of  the 
dielectric  constant  of  PZT(90/10) 
thin  film. 


Fig.  4  D-E  hysteresis  loop  of  PZT 
(90/10)  film.  The  thickness  is 
12 yin.  Scale  units:  x  axis:  25KV 
/ cm/ div . , y  axis:  15yC/cx2 /div. 


TEMPERATURE  CO 

Fi g . 5  . ecperature  dependence  of  the 

pyroelectric  coefficient  of  as -grown 
PZK90/10)  film  without  poling 
treatment. 


dhti  rid  rid,  |  iiui  J-i.r  it-ni  t*ii  i  j  l  ms>  .*t-pos>*  l  wv. 
t* ( 1 1 1  . < v  i fi  1  I  i  on  t  'it'  (  H-'Oll’t/ (  »t  re  m-l 

so  r  i-p r t»d ui  i  b  1  e  in  the  present  cxper  innni. 
Figure  '  Shu«*s  the  temperature  depen Jt  in  r  1 
che  d  ic  J  ect  r  ic  <onstu«t  measured  1  <>r  ejn 
epitaxial  1'Zl.  !he  constant  shows  an  jfiomalv 
at  me  transition  point  of  20l"C  and  its 
value  Ht  room  temperature  i  ^  j  30.  TJj»- 
dielectric  constant  maximum  for  ihe  I'ZT  film 
shows  a  broad  temperature  dependence  and  the 
Tu  ol  the  film  is  approximately  Mi°f*  lower 
than  that  of  the  PZTf 90/10)  ceramic.  it 
would  be  considered  that  the  disagreement  of 
Tc  between  the  film  and  the  ceramic  could  be 
attributed  to  compositional  difference  of  the 
film  and/or  to  the  thermal  stress  in  the  film 
caused  by  the  difference  in  the  thermal 
expansion  coefficient  between  PZT  and 
sapphire.  D-E  hysteresis  loops  were  observed 
on  the  epitaxial  PZT  film  as  shown  in  Fig. 4,. 
The  film  thickness  is  12  um.  The  coercive 
field  Ec  is  3$kV/cm.  Ec  is  remarkably  larger 
than  that  of  the  P2T  ceramic  (llkV/cm).  This 
higher  Ec  observed  on  the  film  is  due  to  the 
small  grain  size  and  internal  stress.  On  tne 
ocher  hand,  Che  remanent  polarization  ?r  is 
35uC/cm“  which  is  the  same  value  of  the  PZT 
ceramic.  Pyroelectric  currents  were  obser\ed 
in  as-growr  epitaxial  [ 1 1 l  )  -or i en t ed  PZT 
films  even  without  poling  treatment  and  me 
directions  were  from  upper  to  lower 
electrodes.  Figure  5  shows  the  temperature 
dependence  of  the  pyroelectric  coefficient 
measured  on  the  as-grown  epitaxial  film.  The 
pyroelectric  coefficient  at  room  temperature 
is  3  x  10“^C/cm~K.  In  add  it. ion,  the  phase 
transition  from  a  lower  temperature  rhombo- 
hedral  ferroelectric  phase  to  a  higher 

temperature  rhombohedral  ferroelectric  phase 
Fr(ht)  was  observed  at  6 0°C.  When  tne  poling 
treatment  was  carried  out  in  a  direction 
coinciding  with  the  direction  of  pre-existing 
internal  bias,  the  pyroelectric  coefficient 
increased.  The  pyroelectrtic  coefficients  of 
the  epitaxial  FZT  and  poi>crvstallme  PI 
films  with  poling  treatment  were  determined 
as  .i.5  and  3.5xiO~^C/cm*:K  at  room 
temperature,  respectively.  Accordingly  it  was 
concluded  tnat  the  [ 1 1  i  j-or len t ed  epitaxial 
PZTi'90/19)  film  is  one  cf  the  most  promising 
materials  for  p.rtt.ectric  applications. 


.  *  u* 

-  v 

s.1 

>  $ 


''■y-y.yr+2 


1  /  »  if  x  r  /  *'  .  ,  , . 

5.^  *VV  Vv,  s'vji 


PYROELECTRIC  AND  ELECTRICAL  PROPERTIES  OF  MODIFIED  LEAD  TI TANATE  CERAMICS 
N.  ICHNOSE 

School  of  Science  and  Engineering,  Waseda  University,  Tokyo,  Japan 

ABSTRACT:  Pyroelectric  and  electrical  properties  of  the  modified  (Pb,  Me  )• 
[(Coi^jTiixj  ),  Ti)Oj  ceramics  (Me=Ba,  Sr  or  Ca  )  containing  small  amounts  of 
MnO  and  NiO  have  been  investigated.  These  ceramics  are  characterized  by  high 
apparent  density,  small  dielectric  constant  (about  200)  and  facility  in  poling 
procedure.  Among  the  ceramics  substituted  with  the  alkaline  earth  metals,  the 
Ca-modified  ceramics  show  markedly  excellent  pyroelectric  and  piezoelectric 
properties.  Various  kinds  of  pyrcslectric  detectors  and  ultrasonic  transducers 
have  been  developed  by  employing  these  modified  PbTiOi  ceramics. 

1.  INTRODUCTION 

The  modified  PbTiOj  ceramics  have  been  regarded  as  good  pyroelectric  and 
electrical  materials,  because  of  their  large  pyroelectric  coefficient,  small 
dielectric  constant  and  high  Curie  temperature.  The  present  paper  reports  the 
pyroelectric  and  electrical  properties  of  (Pb,  Me  ) ( (COi/jW,/a  ),  Ti]0)  ceramics 
(Me-Ba,  Sr  or  Ca  ). 

2.  EXPERIMENTAL 

2.1.  Materials 

Raw  materials  were  calcined  at  900°C  for  2  hours  in  air  after  weighing  and 
mixing.  The  mixture  were  formed  by  die  pressing  and  fired  at  1050  -  1200°C 
for  several  hours.  Because  of  the  low  firing  temperature  and  small  amount  of 
PbO  vaporization,  the  mixture  was  not  fired  in  PbO  atmosphere. 

2.2.  Measurements 

The  spontaneous  polarization  values  were  measured  by  the  Sawyer  -  Tower 
method  and  relative  dielectric  constants  were  measured  by  ordinary  method. 

Using  the  system  in  Fig.  1,  we  have  measured  pyroelectric  coefficient  values. 

3.  RESULTS 

Figure  2  shows  pyroelectric  coefficient  P,  relative  dielectric  constant  t 
and  figure  of  merit  Fv  for  (Pb!- xCa  x)  [  (Coir 2 W,/2  )„  .  ,  6Ti , .  0 i  ]  0  ,  as  a  function 
of  Ca  concentration.  As  Ca  is  introduced  into  PbTiO j  ceramic,  the  pyroelectric 
coefficient  increases  to  a  great  extent. 

Curie  temperatures  and  coupling  factors  for  the  (Pbt_xMex)l  (COi/:h'ixi  )c  .  »«  * 
Tii . ov)0 1  system  are  shown  in  Fig.  3  and  Fig.  4,  respectively.  From  Fig.  4, 
it  is  found  that  these  piezoelectric  materials  have  an  extremely  anisotropic 
piezoelectric  effect. 

4.  Di  SCUSEION 

The  improvement  of  pyroelectricity  by  the  Ca  introduction  into  PbTiOj  host 
lattice  may  be  attributed  to  the  increase  of  the  spontaneous  polarization  as 
shown  in  Fig.  5. 
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Properties  of  Hot-Pressed  Lead  Germanate  Silicate  Ceramics 

K.  Nagata  and  K.  Okazaki 
Department  of  Electrical  Engineering, 

The  National  Defense  Academy,  Yokosuka  239,  Japan 

Lead  germanate  (Pb^Ce^Ojj)  single  crvstal  has  large  pyroelectric  coefficients 
and  relatively  small  dielectric  constant*,  being  expected  to  the  use  for  an 
infrared  detector. ^  However,  pyroelectricity  and  optical -activi tv  in  the 
ceramics  have  not  been  so  much  satisfactory.  This  is  because  that  the  lead 
germanate  has  large  anisotropy  of  crystal-structure  and  that  poling  is  difficult 
in  the  ceramics.  Therefore  many  researchers  have  been  studied  concerning  the 
polar-axis  oriented  crystal  growth  behaviors  and  substitutional  effects  of  Si 
and  Ba  for  lead  germanate.  K.Takahashi  et  al  have  succeeded  in  polar-axis 
oriented  thick-film  lead  germanate  silicate  monocrvstal  by  the  grass-recrystal¬ 


lization  method.  ^  Also,  G.Kirer  et  al  have  grown  thin-film  of  lead-germana te 
by  reactive  dc-sputtering . 


3) 


On  the  other  hand,  we  obtained  grain-oriented  ferroelectric  ceramics  of 


4-7) 


This 


bismuth-layer  type  and  tungsten-bronze  type  by  hot-pressing  method, 
indicates  that  if  the  same  method  is  applied  to  the  lead  germanate,  the  similar 
grain-oriented  ceramics  can  be  prepared.  In  this  study,  grain-oriented  silicate 
modified  lead  germanate  ceramics  were  prepared  by  hot-pressing.  The  microstruc¬ 
ture,  and  the  dielectric  and  pyroelectric  properties  of  grain-oriented  lead 
germanate  silicate  ceramics  were  measured  and  discussed. 

The  lead  germanate  silicate  with  the  composition  of  PbjCe^^S^Oj  ^  thereafter 
abbreviated  to  PGSO/x)  were  prepared,  using  pure  grade  PbO,  GeO^  and  SiO^  as 
starting  materials.  They  are  boll-milled  and  calcined  for  5  h  at  500°C.  then 
melted  in  the  alumina  crucible  and  hold  at  8C0°C  for  10  min,  and  subsequently, 
quenched  to  get  glassy  material.  The  glassy  material  were  calcined  at  500°C  for 
30  h  in  air. 

The  powders  were  pressed  uniaxialy  into  compact  of  15  mm  in  diameter  and  20 
mm  in  height  unxtr  a  pressure  of  2000  kg/cm^.  The  green  compact  was  hot-pressed 
at  600°C  for  5  h  under  100  kg/cm^  pressure  in  the  oxygen  atmosphere.  The  hot- 
pressed  ceramics  were  sliced  with  the  normal  direction  to  the  slicing  plane 
perpendicular  f P _L ) ,  or  parallel  (P//),  to  the  direction  of  hot-pressing.  For 
the  measurement  of  the  electrical  properties,  gold  was  sputtered  on  the  both 
faces  of  the  plate  samples. 

The  temperature  dependence  of  the  relative  permittivity  for  the  hot-pressed 
lead  germanate  silicate  is  shown  in  Fig.  1.  In  the  all  composition, 
permittivities  of  Vff  sample  are  1.5  to  times  larger  than  that  of  P  J_  sample. 
Especially,  the  anisotropy  of  about  -*  times  in  the  permittivity  at  Curie  pcir.t 
was  found  in  the  PGSO/O.25  composition. 

The  D-E  hysteresis  loops  for  the  hot-pressed  PCSQ/0.25  are  shown  in  Fig.  2. 

A  typical  hysteresis  loop  was  observed  for  ?//  sample.  Cn  the 
linear  D-E  relationship  without  any  hysteresis  was  observed  for 
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COMPARISON:  THERMAL  AND  MECHANICAL  PROPERTIES  OF  BARIUM  TITANATE  VERSUS  LEAK  prPIvjr.ITE 
DIELECTRICS 

A.  £.  BROWN  ana  C.  R.  K0R1PELLA 

Union  Carbide  Corporation,  ureenville,  S.  C.,  USA 

ABSTRACT:  Tnermal  and  mecnamcal  prc.-eri.ies  cf  solid  ceramic  and  multilaver  ceramic  Chios  were 
measured  and  the  properties  of  barium  ti  tanate-oased  dielectrics  were  compared  to  a  lead  oerov- 
skite  dielectric  material.  Fracture  toughness  and  bend  strength  values  indicate  that  the  lead 
perovskite  dielectrics  are  relatively  weak.  Thermal  shock  experiments  show  that  thermal  stress¬ 
es  cause  unstable  crack  propagation  in  barium  titanate  dielectrics  whereas  a  stable  crack  crop a- 
gation  occurs  in  the  lead  perovskite  dielectrics. 

1 .  INTRODUCTION 

Recent  increased  use  of  surface  mount  components  has  placed  a  major  emphasis  on  the  mechani¬ 
cal  strength  and  the  thermal  shock  resistance  of  ceramic  chips.  In  this  study,  fracture  touqh- 
ness  and  modu'us  of  rupture  values  measured  on  barium  ti tanate-Sased  commercial  die  ectrics 
were  compared  with  a  lead  Perovskite  dielectric.  Using  the  measured  physical  and  mechanical 
properties  of  these  materials,  the  theoretical  thermal  shock  resistance  parameters  for  fracture 

i  n 

initiation,  R  and  R  ,  were  calculated  and  compared  wi;n  the  experimental  thermal  shock  results. 

2.  EXPERIMENTAL 

Fracture  touonness  was  measured  by  an  indentation  strength  method  m  wnich  the  sanoles  were 

2! 

precracked  with  a  micro  moentor  and  tnen  fractured  by  a  four  pom*  oend  testing  metnod 
Modulus  of  r.jpxyre  was  measured  by  a  simple  three  point  PenGing  tecnni cgue. 

Tnermal  snock  nesistance  was  measured  5y  neatmg  the  chips  to  various  elevated  temperatures, 
quenching  into  room- tempera  tore  wate'  arc  tnen  measuring  the  tnree  point  pend  strength  of  tne 
ouer.cned  samples.  tests  «ere  Per'or-ed  on  a  5S1S  sue  i  1 4 . 7  x  A. 3  x  1.5  mm/  solid  and 

~vl  '■■■  lays'  s . 
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dielectrics  s^nw  a  sudden  drop  in  strenqtn  at  a  critical  temperature  differential  of  apprc  * 


lately  75  to  IQO'C,  whereas,  tne  lead  perovskues  show  a  gradual  decrease  m  strength. 

■Mi croscopic  observations  of  the  tnemal  snouted  cmps  snow  many  Surface  cracks  1  n  bar  k.i 
dielectrics  and  few  or  no  cracks  in  tne  lead  oerovskite  dielectrics.  Tne  e*per -renta 1  re¬ 
sults  suggest  that  in  3aT i O3  dielectrics  fracture  occurs  fcy  unstable  crack  propagation ,  aue 
to  tnermal  stresses,  and  in  the  lead  perovski te  dielectric,  staoie  crac*  c-roca^afon  .ecu's. 
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ABSTRACT  half-wav*  vcf?ages,  polanratton  and  capacitance  were  measured  for  a  series  of 
?lZT  samples  witn  van * ng  La  contents  and  Zr/Ti  ratios.  These  parameters,  particularly 
*Mi'-wdve  ymtaje.  ^re  r •  t ' c a  1  in  the  design  of  active  pLZT  optical  components.  Lower 
/a'jes  jf  na'-wave  voltage  are  highly  desirable  Tms  work  establishes  that  as  the  La 
content  exceeds  3. A  atom  X  and  as  the  Zr/Ti  ratio  exceeds  65/35.  undesirable  increases  in 
na^-wave  voitage  wrll  result. 


‘  introduction 

plZ"-  materials  have  been  extensively  studied  since  the  high  transparency  of  the  lanthanum 

•noC,/  ed  'ead  ; ’  r«:nna te •  * ®ad  titanate  family  was  discovered  by  Haertling  in  1  969^.  These 

21 

-naterja's  nave  oeen  j$ed  pr  manly  »n  optical  snutter  applications  .  Most  of  the  study 
efforts  nave  concerned  compositions  prepared  to  the  formula 

rsi-«:Zr  65Tl.35!l-»  °3. 

4 

-  tn  k  ranging  from  090  1$  0  atom  Z  La )  to  .100  (10. 0  atom  l  La).  When  the  compositions 
•*re  ^<,ed  ’n  pnnca'  setter  aop 1 ir*t ion< ,  low  switching  timps  *np  lo***  half-wave  voltages 
r?  :oth  oes-rac'e  Tns  invests gation  was  earned  out  to  determine  if  both  reduced 
'.-•tth’ng  ve  and  'ower  naif-wave  voltages  could  be  found  in  compositions  with  Zr/Ti 
'j-.  :s  abc-e  65.  2b  and  „a  contents  above  9.5  atom  Z. 

:  fprj;Mr\*aL  "50CEDL'R£ 

-  '  ■  **  ■: or.pcs  •  t •  or  -it'-  i  was  selected  fo*  investigation  witn  La  contents  of  9  4,  9.'’  or 
m  r  •  '►.*»  v  '  '■at  cs  -sed  were  65.5,34.5,  65.5/33.5  or  5  7  5 7  32 .  S .  Catena! 

•*«*!*.  '  -a.  --.a  :  -  -  r'*: '  z  ’  tat  *  on  Slugs  were  prepared  by  not  pressing  '  220"  C 

'  '  i’  '  '  :s  5  Mn  -«s*>r  ->a-"pies  5  08cm  d*ameter  were  sliced  from  -'esoltinc 

-  5  '*t  '  a  “  ■  -;r  su*‘*ace  An  ’rterdigital  pattern  of  e’ectrpde  grooves 

-■*'  „  t  -  ’  ■  :  *••«?  L-jnr  t  r  •  . «  -a'er$  to  a  nonra 1  cepth  C .022"  0.05mm'  and  w*th 

4,  •  c  spa:*-g  ~  ne  gnc.e  pattern  *as  e  ectroded  by  eiect^o'ess 

■s; :  :  a  *  ~r  *  ~  ;*e  ,  **:  c.  cc’c  Add*vsnal  test  samp’es  P £  0  030"  0.'~!rm‘.  -r 

■  -  »”C  - —  r  :  a'“«?*e-  -ere  'ab«--;ated  a^c  e‘e:trocec  -'tr  **"  s ^rf tze 

*  :*  ‘  r  'p-  po'a"  paf:n  ~ea  -ere-' : : 


' "  * 'a  *  -a .  *i;°  tests,  a  te  ;"t  ijo^te  -as  -set 
•  ’-•'."V  r-, .  »rc  apert-r»  *. j  •  ce  */e  test  beam  A 
:"eer  a^p  !»  *  s  ,-ed  ar';eC  p ” t  *-e  cet’re: 
' - 0 ’  samp  e  're  ■*./"  sa-p  e  -as  *  :-e:  t.  a  v"d 


t a -r r  e  -i s  ra-oec 


^ _ A.-.  ^  w*_ 
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Switching  times  measured  in  tne  test  described  above  ranged  from  4S  to  75  microseconds 
over  tne  nine  compositions  tested.  Data  scatter  was  such  that  no  trends  were  detectable 
through  tne  composition  range  tested.  Data  scatter  was  thought  to  De  due  to  mechanical 
oscillations  of  tne  PLZT  wafer  following  discharge. 

Polarization  is  shown  to  be  inversely  related  both  to  the  Zr/Ti  ratio  and  to  the  La  content. 
Variations  of  the  La  content  resulted  in  substantial ly  larger  changes  in  polarization  tnan 
variations  in  the  Zr/Ti  ratio.  Wafer  capacitance,  and  therefore  the  material  dielectric 
constant,  is  shown  to  be  inversely  related  to  both  the  La  content  and  to  the  Zr/Ti  ratio. 
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4.  DISCUSSION 

This  worn  shows  tnat,  as  tne  Zr/Ti 
voltage  increases  for  9.4  atom  percer, 
scatter  was  such  that  differences 
anc  therefore  dielectric  Constant 
'atio.  Polarization  is  inverse! 
this  work  indicate  that  Zr/Ti 
9.4  atom  oercent  should  oe  explored. 
«'th  pr-Baal e  minor  impact  on  Swit 
ano  polarization  values. 
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,  tne  naif-wave 
'me  ^easu remen t 
«a*p'*  caoac-  tance 
and  tne  Z'-'Ti 
"ne  results  of 
ess  tnan 
t>e  acn,eve: 
constant 


ratio  is  raised  above  tne  65 ' 3 5  level 
and  mgner  La  contents.  Switcning  t 
between  samoles  were  not  detectable  Tne 
i s  inversely  related  to  botn  tne  content 
y  related  to  botn  La  content  and  Zr*  - T i  *,at'0. 
ratios  of  less  tnan  65/35  along  -itn  La  contents  o' 
It  aooears  tnat  io*er  na’*-wave  voltages  can 
nir.g  time  but  at  some  cost  -  r.  signer  :  e ' e: : : 
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ELECTRUMIChANICAI  FAILuRE  PREDICTIONS 


k.C.  poiiAhkA,  p.l.  Smith 

Uffice  of  Naval  Research,  Arlington,  VA  22217 
S.w.  F  RE  I  MAN 

Nacional  bureau  of  Standards,  Gai  tnersburg,  MO  cObBS 


ABSTRACT-  Dielectric  and  piezoelectric  ceramics  such  as  barium  titanate  and  P2>  are  known 
to  be  subject  to  environnien tally  enhanced  crack  growth.  Tnat  is,  if  a  static  mechanical 
stress  cr-a  is  imposed  on  such  ceramics  in  the  presence  of  water  vapor,  small  surface 
flaws  may  extend  slowly  with  time  until  they  reach  a  size  at  which  catastrophic  frac-ure 
takes  place.  It  has  been  demonstrated  previously  tnat  tne  time  to  failure,  -f,  aide  Sue 
conditions  can  be  calculated  from  fracture  mechanics  principles  and  is  given  by  the  expressio  . 

tf  =  B  S(n-2)01-n  (1) 

where  B  is  a  constant  made  up  of  a  number  of  flaw  and  crack  growth  parameters,  S^  ,s  the 
initial  strengtn  of  the  material,  and  n  is  a  constant  which  is  a  measure  of  the  track  growth 
susceptibility  of  the  material.  Such  an  expression  has  been  shown  to  accurately  predict 
the  1  i  fed  me  of  ccwipcfifcflts  under  static,  far  field  loads. 

Increasingly,  however,  dielectric  and  piezoelectric  ceramics  are  being  operated  under 
conditions,  i.e.,  resonant  cyclic  fields,  where  more  complex  stresses  can  Anise.  The  purpose 
of  this  paper  will  be  to  demonstrate  how  these  more  complex  stress  states  affect  the 
sensitivity  of  such  ceramics  to  delayed  failure  and  to  begin  to  formulate  expressions  wh  ch 
will  allow  a  designer  to  use  these  materials  safely. 

The  devices  being  considered  and  types  of  electrical  fields  imposed  on  them  are  shown 
in  Table  1.  The  key  factors  which  are  discussed  in  this  paper  are: 

1.  Effects  of  electrostrictive  stresses  local  to  a  crack  tip  generated  by  the  application 
of  a  d. c.  bias  field. 

2.  Cyclic  stressing  effects  due  to  application  of  an  a.c.  field  at  a  resonant  frequency. 

It  will  be  shown  that  the  presence  of  these  factors  car  lead  to  complex  expressions  for 
failure  time  which  may  not  be  analytically  determinable.  Other  complexities  such  as  .  e 
presence  of  internal  stresses  in  piezoelectric  ceramics  and  mechanisms  of  crack  growth  unde 
compressive  loads  will  also  be  discussed. 
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The  relation  of  anisotropy  between  crack  length  and  fracture  toughness  m 
poled  PLZT  and  modified  PbTiO^  ceramics 

T.  Y/VwVlOTO,  H.  IGA  RASH  I  and  K.  .JYAZAKT 

Department  of  Electrical  Engineering,  National  Defense  Academy,  Yokosuka 
J  apan 


ABSTRACT :  A  micro-indentat ion  technique  was  applied  to  the  poled  ;Pb,La;  iZ  ,Tij 

0-,  and  (Pb,Ca)TiO-%  ceramics.  Internal  stress  induced  by  the  DC  application  of 

J  J  2  ■> 

3KV/mm  were  measured  as  the  3.3  MN/m  and  65.6  MN/m4’  in  the  direction  .arallel 

and  perpendicular  to  the  poling  field  in  the  (Pb,Ca;TiO^  ceramics.  These  ani¬ 
sotropies  of  internal  stress  could  be  also  confirmed  m  the  three  point  bending 
test.  The  anisotropy  of  crack  lengths  was  explained  by  this  internal  stress. 

1.  INTRODUCTION 

In  general*  ferroelectric  ceramics  were  used  after  DC  poling  treatment.  Tne 
electrical  properties  of  the  poled  ferroelectric  ceramics  have  been  widely  in¬ 
vestigated  for  the  practical  use.  Mechanical  properties  in  the  poled  ferro¬ 
electric  ceramics  are  important  for  an  improvement  of  reliability  in  electronic 
components.  In  this  paper,  the  internal  stress  was  measured  by  using  the  micro¬ 
indentation  (MI)  technique.  The  relation  of  anisotropy  between  crack  length 
and  fracture  toughness  was  discussed. 


2.  EXPERIMENTAL  PROCEDURE 

The  chemical  compositions  of  the  sample  for  this  experiment  were  r?b^ 

*—  ®  q  2-5  ■  ^  ^0l/2Wl/2;  0  0  4^0  96^^3*  'P^*Ca)»i03  and  ( P  ^  ^  g  L  a  ^  q  <  ( Z  ^  ^  .  .  i  ^  ^  >  C  ■<  * 

PLZT  2/50/50.  The  sintered  body  w;0  prepared  cy  normal  sinter me  for  ,?L.Ca:T; 
and  bv  hot-oressing  for  PLZT  2/50/50.  The  sample  dimensions  for  Ml  measurement 
were  7  mm  in  width,  3u  mm  m  ier.gch  ..i,d  10  mm  in  tnickness,  respectively  ar.d 
silver  electrodes  were  attached  to  the  na  j  our  surfaces.  Tne  sice  surfaces 
perpendicular  to  the  electrode  were  finish  ground  with  1  cm  grit:  alumina  and 
annealed  at  800 °C  for  5  min  in  order  to  remove  the  residual  strain  induced  by 
the  mechanical  polishing.  The  samples  were  pcled  m  silicon  oil  at  110°C  by 
applying  DC  fields  of  0  to  3  KV/rjn  for  10  min.  The  micro-Vi cker ' s  r.  a  rdn.es  s 
tester  was  applied  as  shown  in  Fig.  1. 
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mdent  load 


3.  RESULTS  AND  DISCUSSIONS 

Figure  2  depicted  the  micrographs  of  cracks  induced  cy  tne 
20,  and  30  Kg  in  the  poled  (Pb,Ca}?iC3  ceramics.  Tne  anisotropies  cf  cracx 
length  caused  by  the  indent  load  of  30  Kg  was  1.4  times  m  tne  direction 
parallel  and  perpendicular  to  the  pc  1  mg  field  direction.  From  tne  .en cm  of 
these  cracks,  K,  values  were  calculated  f’ 

iC 


K1^»0.020E 

where  £  is  Young's  modulus,  ? 
crack  length,  respectively.  : 
toughness  represents  the  effec 
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m  the  indent  lead,  a’  and  T  are  . 
f  tne  sample  r. as  a  internal  stress,  tne 
live  value  as  sr.own 
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where  is  an  intrinsic  fracture  touqhness  and  is  an  internal  stress. 

The  equation  can  :>e  applied  when  t!.e  sample  has  the  uniform  distribution  cf 
stress.  Figure  3  snows  tne  fracture  toughness  as  a  function  of  mient  .  aus. 

The  internal  stress  parallel,  X  ( C //  i  and  perpendicular,  T  1  E  l  1  to  tne  p^imq 

1  '  2  *■ 

field  direction  were  the  compress l vt  stress  j t  11.5  and  external  stiess 

of  26.6  MN. ,  respectively.  As  shown  in  micrograohs  in  Fig. 2  and  K,_  value 
measured  by  the  indent  load  cf  10  Kg  m  Fig. 3,  the  crack  lengths  parallel  and 
perpendicul ar  to  the  poling  field  direction  are  almost  same  and  as  a  result  the 
X ,  c  I  £  ||  !  and  K^(E  1  I  were  almost  same.  Table  1  snows  the  cracx  lengths,  ~  H/  : 
and  C!El'  and  fracture  toughness ,  K  j  ^  ( E  /'  )  and  K^(E  1)  and  the  ratio  cf  crack 
length,  c  ( E  )  c  IF  1- '  .  7  »e  .v-.isotr.vi"  j  t  cract  ljngths  Kecan?  lar-ar  at  the 

,iiav;  1/4 Jon. t  load.  If  t'.e  ~  arr.n  1  n  ids  no  internal  ntr^ss,  t  ts  _  value  '.)?cjne 
to  a  con  stand  valu?  at  th?  various  indent  load  and  the  internal  stress  was  lero. 
Taoie  1  also  represents  the  crack  length  parallel  and  perpendicular  to  the  noiing 
field,  c(2 // )  and  c!E  i)  and  the  ratio  of  c  (If  land  cl:  1)  calculated  from  tne 

experimental  conditions  that  the  internal  stress  is  zero  and  *<.  (E // )  *2  .  33 
15  15  iw 

114/m  *  and  .<»  (Ei,)*1.94  MJ/m  at  the  indent  load  of  20  and  30  ’.c.  As  shown 

lc 

at  tne  right  side  in  .«aole  1,  the  anisotropy  of  crack  lengths  parallel  and 
pe rpertdi cu lar  to  tne  oolinn  field  .as  reduced.  *\ierefore,  the  internal  stress 
was  induced  by  the  rearrenpement  of  domains  by  the  poling  field  application  and 
it  could  be  concluded  that  tne  anisotroov  of  crac/.s  was  induced  from  the  internal 
internal  stress. 
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MECHANICAL  AND  TIELECTPIC  FA I  LURE  Of  HaTiO,  CERAMICS 

A  .  FISNIMCTC  t  y,  rnv  M^T'  ,  and  H .  VAN  AG  I  DA 

Department  uf  Industrial  Themis' ry,  Faculty  of  Enomeerinc, 

The  'Jniversjt  of  Tokyo,  Tokvo,  Japan 

ABSTRACT;  The  present  paper  reports  the  alternative  method  to  predic-  tne 
mechanical  failure  probability  of  f erroel ect ri c  BaTiC^  thick  films, 
utilizing  the  analogy  between  mechanical  and  dielectric  strength  distri¬ 
butions  without  soendinq  a  lot  of  test  pieces.  The  effects  of  micro¬ 

structure  and  measurement  method  on  the  strength  distributions  are  a. so 
discussed . 

1 .  INTRODUCTION 

It  is  still  difficult  to  predict  the  probability  of  mechanical  failure 
of  ceramic  materials.  Usual  mechanical  strength  test  requires  a  lot  of 
test  pieces  subjected  to  failure,  which  should  be  inconvenient  from  the 
technologies  1  point  of  view. 

Nccha.ni  C£  1  ‘allure  . c  recognmed  to  ^e  ructure-sen*  1 1 )  ve . 

Especially  larger  grams  and  pores  are  regarded  to  play  an  important  role 
as  fracture  origins.  On  the  other  hand,  dieiec-tnc  strength  is  also 
proved  to  be  dependent  upon  microstructura  1  parameters  as  gram  size, 
porosity,  etc.,  which  would  lead  to  the  scattering  ir.  dielectric  strength 
distribution.  Hence,  the  analogy  between  dielectric  and  mechanical 
strength  distributions  can  be  excepted,  if  the  fracture  origins  m  both 
failures  are  similar.  *  In  the  present  work,  this  concept  was  examined 
for  SaTiO}  thick  films  as  representative  ferroelectric  ceramics. 

2.  EXPERIMENTAL 

The  specimens  subjected  to  the  test  were  fabricated  by  the  modified 
doctor  P-.  ade  method .  *  *  The  final  trie  k  ness  of  the  film  was  m  tne  range 
of  -SO  to  220-  m.  Mechanical  strengths  were  measured  in  three  point 
flexture  ( ' 2mm  span i .  For  dielectric  breakdown  tests,  Ag  pastes  were 
attached  on  ootr.  sides  of  tne  film  as  tne  electrodes.  The  dc  voltage  was 
applied  to  a  specimen  placed  m  silicon  oil  and  increased  at  tne  rate  of 
SOV/sec.  3reaxdGwn  voltage  was  determined  by  measuring  the  abrupt  in¬ 
crease  in  current.  3c tr.  tne  dielectric  and  mecnanica-  strer. gtn.s  were 
estimated  by  tne  statistics. 

2 .  ?  ESULTS 

'..eioull  .ots  zi  tne  sets  c!  data  zi  mechanical  and  dielectric  strength. 


It  is  seen  in  t he  figure  that  the  cn  st riout ion  -  shapes  of  noth  strengths 
are  very  close  to  each  other ,  which  indicates  a  similar  role  of 
mi cros t rue tu re  m  Doth  failure,  though  the  decisive  factor  for  fracture  is 
not  well  known. 

On  the  other  hand,  Weibull  plots  for  the  specimens  sintered  at  1450  C 
revealed  different  distribution  shapes  between  mechanical  and  dielectric 
strength . 

4.  DISCUSSION 

The  present  results  would  firmly  suggest  that  tne  fracture  origins  m 
Doth  failures  are  similar  in  a  small-grained  specimen  but  not  in  a  larger- 
grained  specimen.  Fairly  good  correlation  m  Weibull  distr lbut ions 
between  mechanical  and  dielectric  strengths  can  be  utilized  to  predict  the 
mechanical  failure  probability  of  a  material  without  spending  a  lot  of 
test  pieces. 

Similar  experiments  were  carried  out  above  the  Curie  temperature  to 
examine  if  the  analogy  between  mechanical  and  dielectric  failure  still 
appears.  Thicker  specimens  were  also  subjected  to  the  similar  tests. 
Details  will  be  presented  on  the  poster. 
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Tig.  l.  The  WEIBULL  PLOTS  of  the  data  of  dielectric  and 
mechanical  strength  for  the  specimen  of  BaTiG-i  sintered 
at  *  3 0 0 ° C 
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Toughening  of  ceramics  by  crack  tip/stacking  faults  interactions 

k.  XUHARA 
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ABSTRACT :  Effects  of  stacking  [nulls  on  fracture  toughness  have  been  investigated 
for  highly  pure  and  dense  6- SiC  ceramics  prepared  bv  CV&  method.  TEM  ubser vai ions 
revealed  that  there  exist  no  glassy  layers  or  secondary  phases  at  any  giaih 
boundaries.  As  expected  from  this  facts,  the  crack  deflection  by  the  grain 
boundaries  was  not  observed  for  almost  all  cases.  However,  the  strong  crack  tip 
deflection  and/or  microcrack  formation  associated  with  stacking  faults  were  revealed 
by  TEM  observation,  which  suggests  the  fracture  toughness  of  SiC  may  be  improved  by 
incorporating  the  stacking  faults  into  the  grains.  In  fact,  the  toughness 
increased  from  3.2  to  6.8  MN/m^/2  Wj^h  incrase  in  the  stacking  fault  density. 

l.  INTRODUCTION 

It  is  well-known  that  the  fracture  toughness  of  and  SiC  can  oe  improve*,  by 

controlling  the  grain  morphology,  that  is,  by  growing  the  elongated  Si^N^  and  SiC 
grains.  However,  this  toughening  mechanism  operates  only  for  the  SijN^  and  SiC 
ceramics  with  the  glassy  phases  at  grain  boundaries.  On  the  other  hand,  Si^N^  and 
SiC  ceramics  with  the  glassy  phases  at  grain  boundaries  show  the  rapid  strength 
degradation  at  high  temperatures  above  approximately  1000®C.  Thus,  it  seems  to  be 
very  difficult  to  achieve  both  good  mechanical  properties  at  high  temperatures  and 
high  toughness  at  room  temperature  at  the  same  time.  The  aim  of  this  work  is  to 
develop  new  toughening  mechanism  without  help  of  gram  boundary  for  SiC  ceramics. 

This  new  toughening  mechanism  is  related  with  the  nonoscructure  control  within  SiC 
grain,  i.e.  the  control  of  stacking  fault  density  inside  SiC  grains. 

2.  EXPERIMENTAL  PROCEDURES 

The  plates  (1  to  3  mm  thick)  of  SiC  were  prepared  by  chemical  vapor  deposition 
(CVD)  from  a  mixture  of  C0Hg  and  Hn-carried  SiCl^.  The  preparation  conditions  are 
as  follows:  deposition  temperature  (T<je.p)*»  1300°C.  total  gas  pressure;  30  to  760  Torr, 
gas  flow  rates  of  SiCl^,  C^Hg  and  170,  10  to  55,  70 0  cm3/min,  respectively.  The 
density  of  stacking  faults  were  controlled  by  changing  the  total  gass  pressure  in  the 
furnace  and  the  gas  flow  rate  of  C^Hg,  i.e.  the  deposition  rate.  Fracture  strength 
was  evaluated  by  three  point  bending°(span ;  10  mm,  cross  head  speed  ;0. b  mm/nn). 
Fracture  toughness  was  estimated  by  indentation  microfracture,  double  cantilever 
beam  and/or  compact  tension  techniques.  Microcracks  for  TEM  observations  were 
introduced  into  thin  discs  of  CVD-SiC  by  usins  Vickers  diamond  pyramid  at  room  tem¬ 
perature,  800®  ,  1000®  and  1300®C  i..  vacuum.  The  observations  around  cracks  formed 
by  indentation  were  performed  using  a  JEM  20QCX, 

3.  RESULTS  AND  DISCUSSIONS 

The  CVD-SiC  prepared  are  confirmed  to  be  S  phase  by  X-ray  diffraction,  --ever, 
many  stacking  faults  were  observed  m  the  almost  all  grains,  as  shown  in  Fig.  1. 

High  resolutional  electron  microscopy  of  the*e  materials  revealed  that  there  exist  no 
glassy  layers  or  secondary  phases  at  any  grain  boundaries  and  multiple-grain  junct¬ 
ions.  Thus,  strength  degradation  was  not  observed  up  to  1500®C;  the  strength  of  SiC 
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:r.2t  T .  B  .  un doped  and  acped 
.  fc  £bN:6C  and  Ba -^Sr  Ka,  St ^Oi  ^ 

2cc,k.  r  a.  sk  ;  technique.  The  optical 
i ; gur es-of -mer i t  of  these  crystals  are  excellent  to  test  photor ef ract i ve 
and  Till,  "''e  ter  -  a  .  *  t  .  :  *  -  r«»  r  rs. 

1 .  : ntpodi* mis 

The  present  study  reports  the  state-of-art  cf  tungsten  oronze  family 
crystals  for  millimeter  wave  and  pno t d ef r act i ve  device  studies  in  terms 
cf  their  ferroelectric  and  optical  properties. 

2.  EXPE?  1  CENTAL. 

Both  Sr  ,  _ x B o  -,0^  SBN-  and  B  a  ^  ^  S :  K._Na.,Nt~0.c  BSKKSJ  crystals 
were  crown  using  tne  Czocnraisxi  Technique  under  different  conditions*  A 
variety  of  measurement  techniques  were  used  to  evaluate  these  crystals 
for  millimeter  wave  and  phot or ef r a c t : ve  appl icat ions. 

3.  RESULTS  AND  4.  DISCUSSION 

Both  5BN:6C  and  BSKNN  compositions  are  multicomponent  systems,  and 
mere  are  several  crystal  lograpnic  sites  available  for  large  cations  in 
tungsten  bronze  structure.  Because  of  these  factors,  tne  following 
problems  are  encountered  in  crystal  growth: 

•  Exchange  among  crystallographic  sites,  specifically  of  the  15- 
and  12-fold  coordinated  icr.s,  and  this  causes  severe  striation 
problems . 

•  „  ,  ,, .  5  ♦  4  ♦ 

reduct ; on  of  Nt  to  Nb  at  growth  temperature,  causing  severe 
problems  with  q-ality  and  composition. 

Ir.  spite  of  these  problems,  Neurcaor.Kar  et  ai-5  have  grown  undoped  and 
le-dcped  5BN:6C  and  BSKNN  crystals  ; n  optical  quality  as  large  as 
..3  to  2.0  cm  m  diameter.  Bronze  crystals  grown  along  the  c-axis  are 
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usually  faceted,  which  is  quite  exceptional  for  Czochralski  grown 
crystals. 

Ce-doped  S8N:60  crystals,  having  electro-optic  coefficient  r^-j  ■  <20  x 
- 1 2 

10  m/V,  are  found  to  be  excellent  hosts  for  device  studies.  The 
photoref ractive  speed  for  this  crystal  can  be  controlled  to  1  ms, 
depending  upon  laser  power,  while  undoped  S8N:60  crystals  exhibit  speeds 
of  1000  ms.  This  improvement  in  speed  and  other  enhanced  properties  such 
as  photoref ractive  coupling  are  making  this  crystal  attractive  for  device 
appl ications. 

Trends  in  the  measured  millimeter  wave  properties  of  SBN:60  and  BSKNN 

crystals  have  been  shown  to  conform  to  simple  models  for  the  loss  process 

2-3 ) 

and  the  nonlinear  susceptibility  .  Measurements  have  been  made  over  a 
wide  temperature  range,  down  to  20  K,  and  for  frequencies  from  35  GHz  to 
125  GHz.  Based  on  these  results,  crystal  composition  and  operating 
temperature  can  now  be  selected  to  maximize  particular  nonlinear  effects 
fot  device  applications. 
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photoferroelectric  effects  in  plzt  ceramics 

GENE  HAERTL1HG 

Motorola,  Inc.,  Albuquerque,  New  Mexico,  87113,  U.S.A. 

ABSTRACT:  Several  non-memory  PUT  compositions  were  evaluated  for  their  resistance  to  the 
combined  effects  of  high  electric  field,  high  temperature  and  intense  light  exposure.  All 
materials  exhibited  behavior  which  limit  their  performance  under  these  conditions;  however, 
the  photoexcited  space  charge  effects  could  be  eliminated  by  means  of  ac  rather  than  dc 
operation. 

1.  INTRODUCTION 

Since  the  early  1970‘s  when  the  transparent,  slim-loop  ferroelectric  PUT  materials  were 
first  utilized  in  shutter  devices,  it  was  noted  that  these  materials  were  limited  in  their 
performance  by  residual  memory  phenomena  manifested  in  a  time-dependent  deterioration  of 
the  OFF  condition.  Subsequent  research  investigations ^  have  contributed  greatly  to  an 
understanding  of  these  phenomena  which  are  generally  classified  as  (1)  residual  memory 
effects  resulting  from  a  field-induced  ferroelectric  state  and  (2)  space  charge  effects 
produced  by  the  photoexcitation  of  charge  carriers  and  their  movement  under  the  influence 
of  an  electric  field.  The  present  study  reports  on  some  observed  effects  in  category  (2) 
as  they  relate  to  SFE  (penferroelectric)  materials  in  transverse-mode,  shutter  devices. 

2.  EXPERIMENTAL 

Hot  pressed,  polished  and  electroded  samples  of  PIZT  compositions  9/65/35,  9.5/65/35, 
8/70/30  and  15/A0/60  were  selected  for  study.  The  vacuum  deposited,  Cr-Au,  single-sided, 
surface  electrodes  consisted  of  an  interdigital  array  of  electrode  widths  and  gaps  ranging 
from  0.05  mn  to  0.25  mm.  Electrical  and  electrooptic  measurements  were  made  on  the  samples 
as  a  function  of  electric  field,  temperature,  time  and  light  exposure.  A  high  intensity 
mercury  arc  lamp  was  used  as  the  light  source  in  conjunction  with  various  filters  ranging 
from  370  nm  to  several  microns. 

3.  RESULTS 

It  was  found  that  (1)  the  PLZT  materials  evaluated  in  this  study  were  highly  susceptible 
to  the  combined  effects  of  high  intensity  light  exposure  and  high  electric  fields,  (2)  the 
effects  are  more  pronounced  at  temperatures  near  or  above  T^  (maximum  in  dielectric  constant, 
65<>C  for  S/65/35)  and  (3)  the  effects  are  time  dependent  and  will  always  anneal  out  at  a 
rate  which  is  dependent  on  temperature  and  light  exposure.  A  typical  set  of  curves  are 
shown  in  Figure  1.  As  noted,  the  virgin  material  is  symmetric  about  the  zero  E  axis,  whereas 
the  materials  subjected  to  either  a  positive  or  negative  bias  while  illuminated  (the  usual 
situation  in  a  shutter  device)  display  varying  degrees  of  light  intensity  assymmetry.  The 
relaxation  time  for  this  effect  at  100°C  for  PLZT  9/65/35  was  found  to  be  approximately  5 
seconds;  consequently,  an  activated  shutter  would  be  totally  compensated  (turned  OFF)  by 
the  photoexcited  space  charge  field  in  this  time  frame.  Likewise,  the  material  could  be 
refreshed  in  an  equal  amount  of  time.  This  suggests  that  if  tne  electric  field  were 
alternated  (♦  to  -)  at  a  rate  faster  than  the  relaxation  time,  then  this  effect  would  be 
minimal.  This,  in  fact,  does  occur  and  driving  the  shutter  at  30  Hz  ac  was  found  to  be 
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sufficient  to  eliminate,  at  all  temperatures,  tne  undesirable  space  cnarpe  effects. 

Photoconduc t 1 ve  effects  in  toese  materials  were  also  studied  by  monitoring  the  voltage 
across  a  22  MS!  resistor  connected  in  senes  with  the  shutter  and  tne  power  supply.  When 
a  bias  voltage  was  applied  to  the  shutter  without  illumination,  little  or  no  steady  state 
voltage  was  developed  across  the  resistor;  however,  when  the  light  source  was  turned  on, 
several  volts  (depending  on  temperature)  would  develop  across  the  resistor  as  a  result  of 
the  conduction  of  photoexciled  space  charge  across  the  gaps  of  the  interdigital  electrodes. 
The  voltage  trace  shown  in  Figure  2  was  thus  generated  by  mechanically  shuttering  the  light 
source  at  the  various  rates  indicated.  This  effect  was  found  to  be  the  largest  at  the 
short  wavelengths.  It  was  also  significant  across  the  visible  spectrum  but  not  in  the  IR. 


Figure  1.  Variation  of  light  intensity  as  a  function  of  electric  field  for 
(A)  a  virgin  PIZT  9/65/35  at  BS'C,  (B)  same  sample  after  15  minutes  light 
exposure  with  a  +  bias  of  40  KV/cm  and  (C)  same  sample  after  30  minutes 
light  and  a  -  bias  of  40  KV/cm. 


2  SEC-  4  SEC. 


6  SEC. 
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1  SEC. 


OFF 


Figure  2.  Photoconductivity  effects  in  a  PLZT 
S/10/20  material  as  the  light  is  shuttered  on 
and  off. 
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photodriven  relay  using  plzt  ceramics 

Kenj i  Uchino,  Toru  Sada  and  Motoh  Inoue 
Department  of  Physics,  Sophia  University 
Kioi-cho  7-1,  Chiyoda-ku,  Tokyo  102,  Japan 

Photostriction  explainable  by  the  superposition  of  the  bulk  photovoltaic 
effect  and  piezoelectricity  has  been  investigated  in  the  solid  solution 
ceramics  ( Pb, La ) ( Zr , Ti )Oj  (3/52/48).  Photostriction  is  strongly  dependent  on 
the  sample  preparation  history, i.e.  on  grain  size  and  remanent  polarization. 

Three  samples  were  prepared;  a)  atmosphere  sintered  of  oxide  chemicals,  b) 

hot-pressed  of  oxide  chemicals,  c)  atmosphere  sintered  of  coprecipitated  PLZT 

powder.  The  last  ceramic  sample  was  found  to  reveal  the  largest  photovoltage 

and  pnotostr iction  (Fig.  1 ).  As  shown  in  Fig.  2,  tne  pnotovoitage  and 

photostriction  become  larger  with  decreasing  grain  size,  though  the 

piezoelectric  coefficient  d, -becomes  slightly  smaller.  The  highest 

JJ  -4 

photovoltage,  2. 5-3.0  KV/cm,  and  the  maximum  photostriction,  1.0-1.3x10  , 

were  obtaind  at  the  moment  in  the  ceramic  sample  prepared  by  coprecipitation 

with  about  1 um  grains  under  4mw/cm  illumination.  Both  the  photovoltage 


LIGHT  INTENSITY  (v/.T.J)  "* 
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Fig.l  Photovoltaic  effect  in  three  lanplei  N-0,  Fig. 2  Grain  site  dependence  of  photost-ic- ■ 
HP-0  and  N-CP 
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and  piezoelectric  coefficient  d^  have  a  linear  relation  with  the  remanent 
polarization,  so  that  the  pnotost r ict ion  is  proportional  to  tne  square  of  the 
remanent  polarization  (Fig.  3). 

Using  PL2TI 3/52/48 )  ceramics,  have  faoricated  a  photodnven  relay  as  a 
trial  photostnct  ive  actuator.  This  relay  consists  of  an  optomechanical 
bimorph-type  actuator  and  a  snap  action  switch,  as  illustrated  in  Fig.  4.  In 
order  to  obtain  quick  response,  the  "dual  beam  method"  was  applied.  Tip 
deflection  over  100  urn  was  observed  in  the  bimorph  with  20  mm  length  (Fig. 
5).  Though  the  delay  time  to  the  illumination  is  several  seconds,  we  have 
observed  primitive  relay  function  controlled  by  optical  irradiation. 
Furthermore,  analysis  of  the  relay  response  is  proposed,  giving  the 
requirements  for  photostr ictive  material  characteristics  and  the  optimum  shape 
of  the  bimorph. 
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Fig. 4  Structure  of  photodnv«n  relay 
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PLZT  THIN  FILM  CN  MgAl  ,D4/'Si  SUESTFATES 

S  .  MAT  SUB  AR  A ,  Y  ,  MIYASAKA .  N.  SHuriATA  ^nd  K.Y'MF.ZAWA 

Fundamental  Res . Labs NEC  Corp.. 4-1-1  Mi yazaki . Mi yamae-ku, Kawasaki , Cl  2 , Japan 


ABSTRACT :  PLZT  films  were  spu  c  ter-deposi  ted  onto  (  001  )  MgAl  2C  4/ <  CC1 S  i  suDStrates 
using  PLZ?( x/65/3S )  powder  targets  with  varied  La  contents.  X-ray  and  electron 
diffraction  analysis  confirmed  that  PLZT  films  grew  epitaxially  along  the  001 
axis  on  the  MgAl  204  films.  The  crystallinity  and  the  lattice  constant  depended 
on  the  La  content  of  the  target.  The  dielectric  constant  of  the  PLZT  film  was 
measured  with  a  netal-insulator-semiconductor(MIS )  structure,  and  found  to  be 
488  for  the  film  deposited  from  the  (10/65/33)  target. 

1 . INTRODUCTION 

Fabrication  of  epitaxial  ferroelectric  tnin  films  on  Si  substrates  would  lead 
to  the  application  of  the  films  to  various  Si  monolithic  devices1’.  We  reported 
the  epitaxial  growth  of  PbT103  on  MgAl204/Si  substrates  in  an  earlier  paper^1. 
Thu  PLZT  is  also  an  attractive  material  because  of  its  high  dielectric  constant, 
large  electro-optic  effect  and  so  on.  Th' s  paper  reports  the  epitaxial  growth 
of  PLZT  films  on  NgAl204/Sl  substrates. 

2. EXPERIMENTAL 

(OOl.MgAljO^  epitaxial  films,  10C-1CCC  A  thick,  were  grown  on  iCOilSi 
(n-typei  wafers  by  CVD  technique  in  an  Al-H.Cl-KgCl  2-C0j-H  ,  gas  system  at  98C'C. 
The  PLZT  films  were  deposited  onto  the  substrates  using  a  magnetron  sputtering 
system  under  tne  conditions  listed  ir.  Table  1.  We  used  PLZT  ( x/ 63 ' 25  targets 
with  varied  La  contents.  Tne  crystal  structure  and  surface  mcrphology  of  the 
films  were  investigated  with  X-ray  diff rac t icr, .  reflection  nigh  energy  electron 
diffraction  (RKEED)  and  scanning  electron  microscopy  (SEMI.  The  dielectric 
constant  was  measured  with  an  Au-?LZT-"gAl  cwq-Si  netal-i.nsulatcr-  semiconductor 
(MIS'1  structure.  The  electrode  was  1mm  x  1mm  :r.  dimension. 


3.  .RESULTS  AND  DISCUSSION 

X-ray  diffraction  patterns  for  PLZT  films  yielded  only  (0Ch:imes  .which 
indicates  that  t re  films  grew  along  the  001  axis.  Furthermore,  we  observed  spot 
diffraction  patterns  in  SHEET,  as  shown  m  Fig.l,  for  all  the  films.  Therefore, 
w*  concluded  that  the  .'LET  films  grew  epitaxially  alcr.g  the  TCI  axis  of  the 
XgAl^wa  films.  The  La  content  of  tne  PLZT  x  65/35.'  tagets  affected  the  films 
crystallinity  and  lattice  constant,  as  shown  m  Figs. 2  and  3 , respec* ively .  The 
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consisting  of  the  PLOT  layer  and  the 
constant  was  estimated  at  466  for  tr. 


PLZT ( x/65/35 ) 


g.l.  RHEED  pattern  of  PLZT  film 


MoAl,Q.(004)FWHM 


PLZT  (x/65/35) 


Fig. 3.  Lattice  constant  of  PLZT 
films  as  a  function  of  La  content 


ig-2.  Crystallinity  of  PLZT  films 
s  a  function  cf  La  content  ;  x '  . 

*HM  of  tne  (002)  X-ray  rocking 
urve  is  considered  a  measure  cf 
iim  crystallinity. 

Voltage  (  V  ) 

Fig.d.  Typical  D-V  curve  of 
structure  measured  at  1  ‘"-is. 

Table  1.  Sputter 
for  PLZT  deposit 

ing  conditions 
ion 

S-bstrate 

Target 

Sucstrate  temp. 
Sputtering  gas 
Pressure 

Input  power 
Deposition  rate 

'  OCl  ‘  ?•" c A 1  z Z 4  '  0 
PLOT'.  x " 6 5 .  35!  -5 

see  *c 

50%  02_,  50%  Ar 
2  x  1 0  terr 

15C  V. 

3500  A/h 
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SOME  ELECTROOPTIC  PROPERTIES  OF  PLZT  CERAMICS 


s 


K.HIKITA,  M.HIRAMA,  Y. TANAKA  and  N.ONO 

R4D  Center  Ceramics,  Kistubishi  Mining  4  Cement  Co.,LTO., 
Yokoze,  Chichibu,  Saitana,  368  ,  JAPAN 


3 


,v 


3 

i 

8 

i 

§ 

? 


V. 

* 


•\ 

fi. 


•3 

V 


r 

•R 


ABSTRACT:  Dielectric  and  electrooptic  properties  were  studied  for  the  not- 
pressed  lantanume  modifed  lead  zirconate  t l ta na te ( PLZT )  ceramics  near  the 
conposions  of  (9/67/33),  where  three  phase  boundaries  were  crossed.  For  the 
series  with  the  composition  of  (9/Zr/Ti),  D-E  hysteresis  loop  became  slim  and 
the  quadratic  electrooptic  coefficients  were  decreased  with  increasing  Zr/Ti 
ratio  from  (  65/  35)  to  (69/31). 

1 .  INTRODUCTION 

According  to  the  phase  diagram  of  PLZT  established  by  Haertling  and  Land,1* 
phase  boundaries  among  two  ferroelectric  phases  and  a  pseudo-cubic  phase  are 
crossed  near  the  composition  of  (9/67/33),  and  near  where  the  composition  of 
(9/65/35),  which  is  suitable  for  optical  shutter  applications,  locates.  However, 
the  electrooptic  properties  nave  been  scarcely  studied  around  the  crossed 
point,  especially  in  both  rhombohedral  and  pseudo-cubic  phase.1  ~31  The  present 
study  reports  the  dielectric  and  electrooptic  properties  in  this  region. 

2.  EXPERIMENTALS 

2.1.  Materials 

Samples  with  various  composition  were  prepared  according  to  the  general 
formula  given  by  following  equation  (l).1' 

P^1 -x“ax * Zry ‘ *z *  1 -x/4°3  111 

where  x  and  y  were  varied  from  0.08  to  0.10  by  0.01,  and  from  0.65  to  0.69  by 
0.02,  respectively.  PLZT  ceramic  powder  was  prepared  from  a  mixture  of  ?b  and 
La  oxides  with  purity  above  99.99%  and  Zr  and  Ti  a  1 kox ides , through  hydrolysis. 
Prefired  ceramic  powder  was  hot-pressed  by  means  of  the  two-stage  method. 

2.2.  Measurements 

D-E  hysteresis  loop  was  measured  by  applying  AC  electric  field  of  2kV/mm 
at  50Hz,  used  5x5mm2  by  0.25mm  thick  samples  with  silver  electrodes  on  both 
surfaces.  Birefringence  (an)  was  determined  from  the  retardation  measured  by 
a  polarizing  microscope  witn  a  Senarmom  compensator,  on  a  mirror-polished 
PLZT  sample  of  0.5mm  thick  with  slit  type  electrodes  separated  by  a  gap  of 
approximately  0.5mm  on  a  surface.  Quadratic  electrooptic  coefficient,  R,  was 
determined  by  following  equation  (2).1* 

R  »(-2/n13)(an/E32)  (2) 

where  n-j  and  E3  were  the  refractive  index  and  the  aplied  field,  respectively. 

3.  RESULTS  and  DISCUSS IO:: 

Figure  1  shows  the  D-E  hysteresis  loops  for  each  composition  illustrated  on 
the  PLZT  phase  diagram.  In  the  system  of  (X/69/21),  hysteresis  loop  changed 
to  slim  with  increasing  of  La  ratio,  as  reported  in  (X/65/35  )  system.'1 
On  the  other  hand,  m  the  system  of  (9/Y/Z)  with  constant  La  ratio,  the  nyste- 
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res  i  s  loops  became  slim  with  increasing  Zr/Ti  ratio  from  16  5/  3  S )  to  169/31). 

injure  2  snows  tne  birefringence  as  a  function  of  electric  field 
illustrate'!  on  tne  PLZT  pnase  diagram.  In  the  tots  systems  of  (x/u5/35l 
and  (X/69/31),  memory  effect  was  shown  for  La  3  atm%,  and  quadratic  electrooptic 
effect  was  shown  as  La  ratio  was  increased.  In  tne  system  of  (9/Y/Z), 
quadratic  curves  changed  to  flat  as  Zr/Ti  ratio  was  increased. 

Table  1  summerizes  the  quadratic  electrooptic  coefficients  calculated  Dy 
eq.(2).  In  the  system  of  (9/Y/Z),  the  quadratic  electrooptic  coefficient  was 
increased  with  decreasing  Zr/Ti  ratio,  and  wincn  was  given  as  !  ,2x  1 0" 1  ®m^/ 
for  (9/67/33)  and  2. Ox  1 0 ' ’ ®n^/ for  (9/65/351,  respectively  in  tetragonal 
pnase,  nowever  a  little  hysteresis  was  shown  in  birefringence.  In  pseuuo-cubic 
phase,  thequadratic  electrooptic  coefficient  was  smaller  than  that  in 
tetragonal  phase,  in  spite  of 

smaller  hysteresis.  TABLE  1.  Quadratic  electrooptic  coeffi- 


smaller  nysteresis. 

The  difference  between  the 
experimental  results  and  the 
refference  data  of  quadratic 
electrooptic  coefficient,  for 
the  composition  of  (9/65/35) 
and  (10/65/35),  was  considered 
due  to  thickness  of  tne  samples, 
therefore  further  study  should 
be  attempted  for  thinner  samples 


cient  R  /H0*ll,l»W)) 


La 

Zr/Ti  ratio 

ratio 

(69/311(67/33)  (65/35) 

9 

0.13  1.2  2.8 

I9.no)1' 

1  0 

0.13  — -  0.55 

(  1  .  073  )  1  ' 

Pseudo 

Cubic 


Pseudo 

Cubic 


Zr/Ti  ratio 

Fig.  1.  D-E  hysteresis  loops 
measured  at  25°C. 


69/31  67/33  65/35 

Zr/Ti  ratio 

Fig.  2.  Birefringence  as  a  function 
of  electric  field  at  25°C . 
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DIELECTRIC  PROPERTIES  OF  SPUTTERED  POLY  CRYSTALLINE  ( i'b ,  La  I  I  Zr ,  ?i  )  Oj  THIN  FILMS 
K.  WASA.  H.  ADACHI,  and  T.  MITSUYU 

Central  Research  Laboratories,  Matsushita  Electric  Ind.  Co.,  Ltd. 

3-15,  Yagumo-Nakamachi ,  Monguchi  570,  Japan 


ABSTRACT:  Thin  films  of  polycrystalline  Pbj  _x/ j  00^x/ ,  Q0  I  Zry  f  100Tiz  (  j  QQ  )  j .  x  ,  4  0  0 
03 ,  PL2T,  were  prepared  on  a  sapphire  substrate  by  r f -magnetron  sputtering 
from  the  PLZT  sintered  powder  target.  The  sputtered  films  show  a  perovskite 
structure  and  exhibit  a  dielectric  anomaly.  Dielectric  properties  were 
discussed  in  comparison  with  bulk  ceramics. 


1.  INTRODUCTION 

Thin  films  of  ferroelectric  materials  are  of  much  interest  for  a  fabrication 
of  novel  fuctional  devices.  The  single  crystal  films  of  the  quaternary  solid 
solution  of  Pb1_x/100Lax/100(Zry/10QTiz/100i 1_x/40QO3,  PLZT !x,y , z) ,  were 
extensively  studied  for  making  an  electro-optic  devices1  .  Recently  we  have 
prepared  polycrystalline  thin  films  of  the  PLZT(x/y/t)  by  rf -magnetron 
sputtering  and  evaluated  their  dielectric  properties. 


2.  PREPARATIONS  AND  MEASUREMENTS 

The  PLZT  thin  films  were  deposited  by  the  sputtering  from  sintered  PLZT 
powder  target.  The  sputtering  conditions  are  shown  in  TABLE  1.  Sapphire 
wafers  were  used  as  the  substrates.  The  substrate  temperature  was  kept  at 
500  to  700 °C.  The  dielectric  properties  of  the  sputtered  PLZT  films  were 
evaluated  in  a  sandwitch  structure  ,  Au  thin  film  top  electrode/ sputtered 
PLZT  films/TiN  thin  film  base  electrode,  prepared  on  the  sapphire  wafers. 

The  TiN  base  electrode  was  sputtered  onto  the  sapphire  wafer  prior  to  the 
.puttering  deposition  of  the  PLZT  films.  The  Au  top  electrode  was  deposited 
by  a  conventional  vacuum  deposition  after  the  deposition  of  the  PLZT  films. 

3.  RESULTS  AND  DISCUSSIONS 

The  sputtered  PLZT  films  showed  a  polycrystalline  form  with  the  perovskite 
structure.  Their  room  temperature  permittivity  was  ranged  from  100  to  700 
depending  on  their  composition,  and  dielectric  loss,  tani  0.01  to  0.1.  The 
frequency  dispersion  of  the  permittivity  was  5  to  15  %  from  the  frequency 
range  of  10  kHz  to  1  MHz.  These  sputtered  films  exhibited  a  dielectric  anomaly. 
Typical  results  for  the  PLZT  films  sputtered  from  PLZT l 9 / 65/ 35)  target  are 
shown  in  Fig.l. 

Figure  2  shows  a  variation  of  the  dielectric  properties  with  the  La 
concentration  in  the  target  of  PLZT  lx/  65/ 351  .  It  is  seen  that  the  permittivity 
shows  a  maximum  at  the  La  concentration  of  about  10  %.  This  may  suggest  that 
there  appears  a  phase  change  from  rhombohearal/ tetraqonal/cubic  by  the  increase 
of  the  La  concentration  similar  to  the  case  of  bulk  ceramics'1'  .  The  dielectric- 
anomaly  temperature  observed  in  the  sputtered  films  was  220  to  280°C  which 
was  hicner  than  the  dielectric-anomaly  temperature  for  bulk  ceramics.  This 


is  mainly  due  to  the  difference  of  me  net  composition  between  fcul'x  ceramics 
and  the  sputtered  films. 

The  sputtering  process  is  generally  believed  to  he  tne  most  reliaole  process 
for  the  depositon  of  the  complex  compounds-  However,  trie  difference  of  tne 
chemical  composition  between  the  source  target  and  tr.e  sputtered  films  must 
be  taken  into  a  consideration  when  the  substrates  are  Kept  at  the  high 
temperature  during  the  deposition.  The  effects  of  the  stress  and/or  undissoived 
oxides  on  the  dielectric  properties  should  be  also  considered  for  the  detailed 
discussions31 . 

TABLE  1.  Sputtering  conditions. 


Target 

Substrate 

Substrate  temperature 
Sputtering  gas 
Cas  pessure 
Rf  power 
Deposition  rate 


PLZT  powder,  1001’ 
Sapphire 
500~700  °C 
Ar(60i)*O, (40%) 

6. 3x10  *JTorr 
160  W 

70~100  A/min 


Fig.  1.  Temperature  dependence 
of  dielectric  properties. 


300 

280 

260 

240 

220 


Fig.  2.  Dielectric  properties 
of  PLZT  thin  films  for  various 
La  contents. 
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PREPARATION  AND  PERFORMANCE  -IF  CiKAKlC-AIk  COMPOSITES  FOP  HOkl’S  TAT ; '  ylNS.’NG 

M .KAHN ,  A.  DAlZElt  and  tJ.  KOVEL 

U.S.  Naval  Research  Laboratory,  Code  6363 

Washington,  D.C.  20375-S00Q 


ABSTRACT:  Arrays  of  ordered,  flat  voids  are  introduced  into  pZT  ceramic  througn  the  use  o' 
tape  technology,  by  applying  computer  designed  patterns  of  fugitive  in*  to  ore pn  tapes.  Tnese 
are  then  stacked,  laminated  and  fired.  The  resulting  ceramic-air  composites  have  modified 
mechanical  properties  and  exhibit  a  greatly  enhanced  hydrostatic  response. 
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1.  INTRODUCTION 

The  hydrostatic  sensing  performance  of  lead  zirconate  titanate  (PZT)  with  internal  voids 
has  been  shown  to  be  related  to  their  lower  Poisson's  ratio  of  PZT  ceramics  with  ordered 
voids. (1)  The  present  work  documents  the  preparation  and  piezoelectric  behaviour  . 

2.  EXPERIMENTAL 

2.1  Sample  Preparation 

A  screen  is  masked  off  with  a  pattern  through  which  a  fugitive  ink  is  deposited  onto  green 
ceramic  tape  made  from  PZT  5A  powder.  These  tapes  are  stacked  and  laminated  under  elevated 
pressures  and  temperatures.  "Blanks"  were  made  identically,  except  without  fugitive  ink.  Upon 
burn-out,  the  organic  constituents  of  the  tape,  and  of  the  ink,  vaporize  and  diffuse  out, 
leaving  voids  where  the  ink  had  been. (2)  At  the  subsequent  sintering,  the  ceramic  around 
these  voids  consolidates  to  a  near  fully  dense  state.  Silver  electrodes  were  then  applied  and 
the  ceramics  were  poled  at  130°C  for  10  minutes  in  a  silicon  fluid. 

2.2  Procedures  for  testing  piezoelectric  behaviour. 

The  uniaxial  piezoelectric  stress  constant  (d 33 )  was  measured  on  a  Seri  incourt  CP DT  3300 
d 33  meter.  An  approximation  of  d3j  and  0^2  was  derived  by  using  the  0 33  probes  with  a  thin 
insulator  to  apply  stress  onto  2  surfaces  orthogonal  to  the  electrodes,  and  connecting  the  2 
leads  from  the  instrument  to  the  silver  electrodes.  Tne  resultant  reading  is  multiplied  by 
tne  ratio  of  the  area  touched  by  the  instrument  probes  to  the  area  of  tne  silver  electrodes. 
The  free  field  acoustic  response  was  measured  in  air  and  in  oil  Dy  comparison  with  a 
calibrated  pressure  sensor. 

3.  RESULTS  AND  DISCUSSION 

3.1)  Void  snapes  and  volumes: 

'igure  1  shows  a  crossection  of  a  ceramic  containing  square  shaped  voids  0.5mil  thick  and 


✓ 


.■ 

■; 

V 

S 


MHIH IHB  WWWMWHF  WWW  HR  W HE V H" HF KF  WW M  !g  VJ*  M HR \.w tff’VTH" '^^■iw’-:w'.’T^.'r^rJ.w'lw’-ilr-7"^T^T’-'y'-^-.''-TiM 


m 


\ 


llmil  long,  f'gures  2,  3  and  4  snow  ground  top  surfaces  of  samples  with  various  void 
conf i gurat i ons .  Tne  porosities  of  tnese  samp'es  were  14. 6t  to  21.61. 


3.2)  Piezoelectric  Stress  Coefficients  and  Dielectric  Constants. 

The  d 3 3  values  increased  with  polmg  voltages  up  to  l.S  xv/mm.  Tne  table  snows  that  after 
poling  at  2.1  KV/mm  tne  samples  witn  void  patterns  nad  d 3 3  values  tnat  were  131  to  3S1  lower 
tnan  those  cf  Blanks.  Tnere  was  some  dispersion  "n  these  033  values.  The  (831*032)7033  ratios 
ranged  from  0.19  in  samples  with  disc  shaped  voids  to  -0.09  for  some  of  the  samples  with  the 
crossed  Bar  shaped  voids.  This  is  compared  to  -  -0.4  in  planes.  The  calculated  dn  values  are 
shown  in  Figure  5.  They  also  increased  Initially  with  poling  voltage.  The  unpoled  dielectric 
constants  of  Blanks  were  1193.  Those  of  the  laminates  with  voids  ranged  from  below  350  to 
above  550.  Poling  raised  the  dielectric  constants  of  samples  with  voids  only  by  about  9t  to 
381  instead  of  the  821  increase  seen  m  Blanks.  One  then  calculates  relatively  high 
piezoelectric  voltage  sensitivities,  g^,  above  85  mVm/N.  The  measured  free  field  hydrostatic 
responses  were  201  less  than  those  derived  from  the  Berlincourt  d33  data.  They  were  within 
3  db  of  their  1  KHZ  value  up  to  100  KHZ.  dh  •  gh  products  above  20  000  were  calculated. 

Samples  with  voids  were  encapsulated  in  a  flexible  epoxy.  Preliminary  tests  indicate  no 
change  in  hydrostatic  sensitivity  of  these  samples  at  pressures  cf  100  psi  and  no  irreversible 
parameter  changes  under  pressures  in  excess  of  3000  psi. 
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A  RESONANCE  TECHNIQUE  FOR  MEASURING  THE  COMPLEX  ELASTIC.  DIELECTRIC  AND 
PIEZOELECTRIC  COEFFICIENTS  OF  COMPOSITE  MATERIALS 
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ABSTRACT;  Many  composite  piezoelectric  transducers  made  from  ceramics  and 
polymers  have  quality  factors  (Qn)  and  Qe)  far  smaller  than  ceramics  or 
single  crystals.  Moreover,  the  electromechanical  coupling  factors  depend 
markedly  on  frequency,  so  that  traditional  measurement  methods  such  as  the 
IEEE  standard,  or  the  method  recommended  for  ceramics  by  IEC ,  are  not 
suicable  for  composites.  Quasistatic  measurements  are  also  inadequate 
because  they  are  coo  low  in  frequency. 

In  this  paper,  we  describe  two  measurement  techniques  based  on  resonance 
methods.  One  experiment  is  for  determining  the  real  part  of  the  electro¬ 
mechanical  coupling  factor  appearing  in  the  equivalent  lumped  circuit,  and 
the  other  measures  the  complex  coefficients  through  an  analytical  solution 

of  a  sinele  resonant  mode.  These  technioues  have  been  annlied  successfully 

2 

to  single  mode  vibrations  in  low  Qn  and  low  k  Qm  piezoelectric  materials. 
Results  will  be  reported  for  NTK  0-3  composites,  MRL  fired  composites,  and 
pol'-vinylidene  fluoride  films.  An  LF  Impedance  Analyzt"  (HF-4192A)  and 
Computer  (HP-9121)  were  used  to  process  the  data  with  iterative  times  of 
less  than  three  minutes  for  the  complex  measurements. 

The  experimental  results  demonstrate  that 

(1)  The  techniques  are  effective  even  for  composites  with  <  a  and  k^Q^-.O.OZ 

(2)  Errors  in  coupling  factors  can  be  reduced  to  less  than  5%  because  the 
change  in  capacitance  C C- CQ ) / C  can  be  measured  very  accurately.  In  this 
expression  C  is  the  capacitance  of  the  sample,  and  CQ  is  the  clamped 
capacitance . 

(3)  Using  a  single  disk-shaped  sample,  the  real  part  of  the  electromechanical 
coupling  factor  can  be  obtained  for  the  longitudinal  length  mode,  the  trans¬ 
verse  length  mode,  the  thickness  mode,  the  planar  mode,  and  the  hydrostatic 
mode . 

(4)  For  NTK-306  composites  and  MRL  fired  composites,  piezoelectric  coefficient 
h^  is  complex:  h"/h'  *  3.47.  for  the  NTK  sample,  and  -9.07;  for  the  MRL  com¬ 
posite.  The  assumption  hat  h^  is  real  for  ail  piezoelectric  materials  must 
be  reconsidered. 

(5)  These  techniques  can  also  be  applied  to  single-mode  vibrations  of  low  Q_ 
transducers  even  when  the  transducer  is  immersed  in  a  liquid  or  attached  to  a 
solid.  In  this  way,  it  is  possible  to  estimate  the  effective  coupling  co- 
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efficient.  efficiency,  end  bandwidth  of  the  transducer  near  resonance 

(6)  Regarding  the  iterative  method,  we  recommend  using  three  frequencies 
fj.  -  U-O.a/Q^fs.  f,-(l  +  0.2/Om)fs,  and  f 3=  C 1  +  0  1/Qjn)fs  This  choice  is 
important  for  accurate  measurements. 

(7)  These  techniques  work  well  for  polvvinylidene  fluoride  films,  but  are 
unsuitable  for  piezoelectric  ceramics  with  large  Q 

(8)  By  altering  sample  size,  the  two  methods-  can  be  used  to  measure  coupling 
coefficients  as  a  function  of  frequency  and  temperature 
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FERROELECTRIC  COMPOSITE  TRANSDUCERS 

B.  A.  AULD 

Department  of  Applied  Physics,  Stanford  University.  Stanford,  California  94305 

U.S.A. 

ABSTRACT:  Ceramic/epoxy  periodic  composites  (elastic  superlattices)  have  import¬ 
ant  advantages  over  single  phase  ferroelectric  ceramics  in  piezoelectric  trans¬ 
ducers  for  medical  and  NDE  applications:  (a)  Lower  acoustic  impedance,  (2)  Higher 
piezoelectric  coupling,  (3)  Suppression  of  lateral  modes,  (4)  Reduction  of  cross¬ 
talk  in  imaging  transducers.  An  overview  is  given  of  the  theory  of  elastic 
superlattice  vibrations  needed  to  effectively  exploit  these  features  in  the 
design  of  composite  transducers. 

1.  INTRODUCTION 

Piezoelectric  composites,  consisting  of  periodically  arrayed  ferroelectric 
ceramic  inclusions  in  an  epoxy  matrix,  were  originally  introduced  for  hydrophone 
applications1* .  These  two-phase  materials  have  better  properties  than  those  of 
either  phase  alone,  leading  to  improved  detection  sensitivity.  Piezoelectric 
composites  are  now  finding  applications  in  ultrasonic  transducers,  where  they 
also  provide  improved  performance2-7* .  This  paper  explains  the  physical  reasons 
for  the  improvements  in  transducer  performance  and  gives  general  design  rules  for 
optimum  transduction. 

2.  SUPERLATTICE  STRUCTURE  OF  PIEZOELECTRIC  COMPOSITES 

A  number  of  different  periodic  composite  structures  have  been  investigated1'^*, 

but  the  standard,  and  most  easily  fabricated,  form  is  a  cross-diced  ceramic  with 

3  4) 

epoxy  filling  the  saw  cuts  '  .  The  elastic  superlattice  in  this  case  consists 

of  a  square  two-dimensional  array  of  square  ceramic  rods  in  an  epoxy  matrix.  It 
is  a  close-packed  array,  with  the  faces  of  each  ceramic  rod  separated  from  its 
nearest  neighbors  by  a  small  epoxy  gap.  The  ceramic  rod  elements  are  poled  along 
the  length  direction.  Transducers  are  fabricated  from  composite  plates,  with 
the  ceramic  rods  normal  to  the  plate  faces.  Full  face  electrodes  or  electrode 
arrays  are  used,  depending  upon  the  application. 

The  transducers  are  designed  to  operate  in  the  longitudinal  thickness  mode; 
but  they  can  also  vibrate  in  lateral  resonances  between  the  transducer  edges. 

Such  lateral  resonances,  when  coupled  piezoelectricallv ,  interfere  with  the 
desired  thickness  mode  and  reduce  its  coupling.  Lateral  propagation  m  the 
transducer  plate  also  causes  mechanical  crosstalk  in  imaging  transducers.  The 
superlattice  structure  of  composite  materials  reduces  these  effects  because,  as 
in  actual  crystal  lattices,  wave  propagation  is  impeded  by  stopbands  for  the 
lateral  waves. 
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3.  MODELING  OF  COMPOSITE  TRANSDUCERS 

A  mathematical  model  has  been  constructed  for  elastic  wave  propaaation  m 
two-dimensional  elastic  super) attices  and  applied  to  the  ceramic/ epoxv  composites 
used  in  transducers2,  *.  This  model  permits  identification  of  the  spurious  lat¬ 
eral  modes  excited  by  the  transducer  and  suggests  methods  for  controlling  them. 

It  also  predicts  the  widths,  center  frequencies  and  attenuation  rates  of  the 
various  superlattice  stopbands.  Because  of  the  large  impedance  mismatch  between 
the  ceramic  and  epoxy  phases,  the  stopbands  are  wide  *  and  highly  attenuating. 
Elastic  damping  can  be  incorporated  into  the  model,  and  the  effect  of  tne  thick¬ 
ness  of  the  transducer  plate  can  also  be  taken  into  account. 

4.  DESIGN  CONSIDERATIONS 

The  superlattice  model  for  lateral  modes  dictates  a  choice  of  superlattice 
period  that  is  small  compared  with  the  plate  thickness.  As  the  transducer  fre¬ 
quency  is  increased,  this  condition  imposes  more  and  more  stringent  fabrication 
tolerances.  In  this  case,  it  is  desirable  to  increase  the  period  (i.e.,  to  bring 
the  spurious  resonances  closer  to  the  main  thickness  mode) ,  and  a  compromise 
must  be  made.  Another  condition  is  imposed  on  the  choice  of  period  by  the  need 
to  trade-off  the  requirements  for  low  acoustic  impedance  (matching  into  water) 

and  optimum  electro-mechanical  coupling  (insertion  loss! 21 .  Current  design 

347) 

approaches  to  these  criteria  are  discussed  in  the  references  '  ' 
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PIEZOELECTRIC  PROPERTIES  OF  SOME  NEW  HYDROPHONE  MATERIALS 


ROBERT  Y.  TINC 

Underwacer  Sound  Reference  Detachment.  U.  S.  Naval  Research  Laboratory. 

P.0.  Box  568337,  Orlando.  FL  32856-8337,  U.S.A. 

ABSTRACT:  The  application  of  large-area  hydrophones  in  passive  sonar  systems 
is  an  interesting  new  concept,  and  has  been  actively  pursued  since  large 
sheets  of  polyvinyl idene  fluoride  (PVDF)  thick-films  became  available. 
However,  it  is  known  by  now  that  PVDF  is  not  adequate  for  this  purpose 
because  of  several  limitations,  most  notably  its  poor  thermal  stability,  low 
dielectric  constant  and  planar  anisotropy.  There  is,  therefore,  an  urgenc 
need  to  seek  for  alternative  transduction  materials  that  can  meet  this  new 
hydrophone  requirement.  The  Underwater  Sound  Reference  Detachment  (USRD)  of 
the  U.S.  Naval  Research  Laboratory  has  a  continued  effort  in  this  endeavor. 
The  results  of  recent  studies  on  several  new  material  systems  will  be 
reported  in  terms  of  their  piezoelectric  voltage  coefficients  gh  in  hydro¬ 
static  mode:  gh  •  dEj/dp,  where  E-j  is  the  electric  field  produced  in  the 
polar  direction  and  p  the  pressure.  The  new  materials  include: 

(1)  VDF-TrFE  Copolymers:  The  properties  of  copolymers  of  different  compo¬ 
sitions  were  measured  as  a  function  of  pressure  and  aging  temperature.  DSC 
and  X-ray  studies  were  also  carried  out  in  order  to  better  understand  the 
effect  of  thermal  treatment  on  their  piezoelectric  behaviors. 


X  VDF 

T  (°C) 
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3"  Piezoceranic  Composite:  The  sample 
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(3)  Lead  Ticanate  Ceramics  Samples  of  this  new  piezoelectric  ceramic  from 
three  different  sources  have  been  studied,  (see  Fig  1)  Prototype  hydro¬ 
phones  were  designed  to  determine  the  f r equenc y- doma 1 n  response  of  this 
material  The  low  planar  coupling  of  lead  titanate  is  most  interesting. 
Toe  implication  of  this  property  on  hydrophone  applications  is  being 
i nvest igated 


PRESSURE  IMPo) 


Fig.  1:  Piezoelectric  g^  coefficients  for  lead  ticanate 
samples  as  a  funccion  of  pressure,  compared 
with  that  of  PZT-5. 

(This  work  is  supported  by  the  U.S.  Office  of  Naval  Research). 
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system  with  Compositions  close  to  the  an  1 1 1  vr  roe  1  **rt  i  it  -  t  eeroe  1  *•<  t 1  i  c  phase 
boundary  have  been  studied.  The  ant  l 1  e  mic  lect  ric  phase  t hanges  lo  tlie  ii-nu- 
electric  phase  at  x  -  0 . 0  3  0  .  -  Piezoelectric  properties  are  characterized  bv 

the  large  coupling  factor  of  the  thickness  shear  mode. 

1  .  INI  KODIK  I  I  ON 

The  antiferroelectric  phase  in  PbZr-O-j  is  very  critical,  in  the  sense  that 
its  free  energy  is  very  close  to  th.it  of  the  ferroelectric  phase,  especially 
near  the  curie  temperature1  ’  .  Thus  extensive  research  of  PbZrO i -ba sed  compounds 
has  been  made  from  the  standpoint  of  phase  transitions"’0  Recently,  Takeuchi 
et  al ,  found  a  large  anisotropy  in  the  electromechanical  coupling  factor  of  one 
PbZr03-based  ceramic"1  1  .  In  this  work,  we  have  attempted  to  obtain  basic  infor¬ 
mation  regarding  a  new  piezoceramic  group,  from  an  applicational  viewpoint  or 
electronic  device  material.  The  dielectric  and  piezoelectric  properties  of 
the  PbZrx(  Sn  i /3Nb2 /3  .)  1 -x°3  solid  solution  (abbreviated  to  "  PZ2N-  1  00x"  1  with  up 
to  20  mol£  (Zni/3Nb2/3)  w«re  investigated. 

2.  EXPERIMENTAL  METHODS 

The  specimens  were  made  following  the  standard  techniques  of  sintering: 
grinding,  calcination  at  S00°C  for  l  hour,  milling  and  sintering  at  12iO°C  for 
1  hour  in  a  PbO  atmospher  e  using  discs  of  pi  es.sed  rb-^Zr^O*  powder  .  The  curie 
point  was  determind  from  the  temperature  dependence  of  dielectric  constant. 
Piezoelectric  measurements  are  made  by  the  resonance-antiresonance  method. 

3.  RESULTS  AND  DISCUSSION 

Remarkably  high  density  samples  with  density  ratios  92  ^  °o7  of  theoretical 
X-ray  density  were  obtained.  X-ray  powder  diffraction  patterns  indicate  a 
single  phase  of  the  perovskite  structure. 

Figure  I  shows  room- temperature  values  of  *s  and  t an  0  in  the  PZZN  system  as 
a  function  of  PbZrO^  mol*.  Both  Is  and  tan  ^  at.  room  temperature  abruptly  de¬ 
creased  at  x  =  0 . 9  3  0  •  ^4  ,  and  were  almost  independent  of  increasing  PbZruj  mol's 

(x>  in  the  range  x*0. 94  to  x*l  .0.  This  suggests  that  the  ant i f erroe 1  eel r ic - 
ferroelectric  phase  boundary  at  room  Temperature  exists  near  x = 0 . Q 3 ^  0 . . 

Figure  2  gives  t. he  phase  relation  of  the  PZZN  system  determined  from  dielec¬ 
tric  measurements  and  D-F  hysteresis  loop  observations. 

Typical  values  of  the  piezoelectric  activities  are  given  in  Table  l .  The  pi¬ 
ezoelectric  constants  »ere  calculated  from  the  coupling  factor,  the  elastic 
compliance  and  the  fr**e  permittivity.  The  relatively  large  anisotropy,  x  -  -  *  -  j 
as  compared  with  that  *>i  PZT  systems,  has  a  naximum  value  of  4.3  at  \  =  0.J2. 
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Fig  1  Dielectric  constant  t,  and  loss  tangent  tan  & 
at  room  temperature  ol  the  FZZN  system. 
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Fig.  2  The  phase  .elation  of  the  PZZN  system. 


Table  1  Piezoelectric  properties  of  the  PZZN-90  and  PZZN-92. 


Dielectric- 

const. 

bifea  &♦& 
10  kHZ 

Loss  tang 
-ent 

idftmanb" 

(%) 

Coupling  factor 

Jookjikt  kp  ki: 
{'/.) 

Frequency  const. 

N33  N31  Nt  NP  NiS 
(Hzm) 

Elastic  compliance 

S»  SssS"  S»  Ss° 

Piezoelectric  constant 

Cl33  031  (Ji5  Q33?3i9i5 
(kfc/N)  (»JvmN)| 

PZZN-90 

300  986 

Z°3  2.79 

29.1  6Q3  536 

7.33  841 

743  19.8  741 

8.10  7.40  14.1 

427  139  359  1 

862  16.1  403 

PZZN-S2 

252  386 

^9  350 

292c  425  592 

6.03  7.57 

“W^W*0 

7.73  205  745 

9.15  7.70  133 

4Q2  157  349 

809  173  459 
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P1EZ0ELECTR  1C  PROPERTIES  OF  (Na.Li)NbO,  CERAMICS 


T. HONDA  .1  .KANAMATA.H.RATARA1  And  T.IDO 

Materials  and  Electronic  Devides  Labo 1  a tory , M i tsub i sh  i  Electric  Corpora 1 1 on , 
Saga* i hara-ci ty  Miyashiao  1-1-57,  Kanagava 


ABSTRACT:  The  dielectric  and  piezoelectric  properties  of  the  so  I i d - so  1 u 1 1 on 
(Na.Li)Kbj  have  been  studied.  In  this  systea  vith  a  saall  amount  of  iluaini, 
high  density, very  fine  *i crostructure  and  superior  piezoelectric  properties 
vere  obtained  even  by  the  ordinary  sintering  process.  Using  (Na0. •  Lio.i  )NbO> 
sol i d-so 1 ut i n  vith  O.Svt.X  of  a  1 u * i na , u 1 1 rason i c  transducers  for  high  frequency 
up  to  20MHz  vere  developed. 

1.  INTRODUCTION 

Po 1 y crysta 1 1 i ne  piezoelectric  aaterials  in  the  application  of  ultrasonic 
transducers  are  based  alaost  exclusively  on  PZT  piezoelectric  ceramics.  For 
high  frequency  appl i cat  ion, hovever , the  fabrication  of  vibrating  elements 
becoaes  difficult  because  of  the  saall  diaension  required.  Thus, another 
transducer  aaterials  vhieh  have  the  lover  dielectric  constant  and  higher  sound 
velosity  .  are  required.  (Na,Li)A’b»  p  i  ezoe)  ectr  j  c  ceraaics  vith  lover 

dielectric  constant  and  higher  frequency  constant  is  one  of  the  candidates 
for  such  requ i reaents , but  it  is  veil  knovn  that  the  dense  body  has  not  been 
obtained  by  the  ordinary  sintering  process1"1’.  Authors  investigated  on  the 
effect  of  Ala  0j  addition  to  (Xa,Li)XbO  j  ccraaics  to  develop  the  transducer 
aatenal  for  high  frequency  application. 

2.  EXPERIMENTAL 

2.1.  Saaple  Preparation 

The  rav  materials  used  vere  sodium  carbonate  <39 . 5X ) , 1 i t h i u*  carbonate 
( 29 -OX) , n i obi  ua  pentoxide  (99.7X),and  alumina  (99. SX).  The  niobium  pentoxide 
vas  coaaercial  grade  vith  0.Q3X  Taa  0j.  For  each  coapos i t i on , the  rav  materials 
vere  vet-aixed  for  13  hrs  in  a  nylon  pot  containing  zirconia  balls  and  ethanol, 
then  dried  and  calcinated  at  950  "C  for  3  hrs  in  air.  The  calcinated  povder 
vas  ball  ailled  for  18  hrs  using  zirconia  balls  and  pressed  vith  PVA(2.5X> 
binder  into  tablets  at  700  kx  /  ca 3  .  The  tablets  vere  sintered  for  3  hrs  at 
1 1 50- 1 240  "C  in  air.  The  sintered  bodies  vere  lapped  to  the  desirable  dimension 
and  electroded  by  painting  the  body  vith  silver  paste  .and  then  fired  at  780  *C 
for  10  ainutes. 

2.2.  Measurements 

Saaples  for  the  mi  crostructure  analysts  by  the  scanning  electron  microscopy 
(SEM)  vere  prepared  by  polishing  and  thermal  etching  at  1  050’C  for  30  minutes. 
Densities  of  sintered  bodies  vere  determined  using  Archimedes’  method. 
Speciaen  for  piezoelectric  and  dielectric  properties  vere  poled  in  silicon  oil 
at  looor  for  0.5  hrs  under  a  field  of  5-6  kV/mm.  More  than  24  hrs  after 
poling,  the  measurement  vas  carried  out  by  LF  impedance  a  na  I  y  zer  (  YII P  :  4  1  92  A ) . 


3.  RESULTS 

F,gl.  s  ho  vs  the  density  of  (X.  ...  L..  >KbO,  ccru.cs  .s  a  fund. on  of  the 
lith.ua  content  X.  Measured  densities  »re  too  saall  coapared  vith  theoretical 
values  deviated  froa  the  X-ray  d.ffraction  analysis.  The  a i crostructure  of 
(Na  o..  L.o  i  ) NtiO*  ceraa.cs  containing  0.5  vt.X  aluaina  is  shovn  in  Fig. 2a. 
F,g.2b  shows  the  a. crostructure  of  alua.na  free  <Na0  ,  Ll0  ,  )KbO,  ceraa.cs. 

P i ezocl ectr i c  and  dielectric  properties  of  (Na  o.  •  Lio  i  )NbO»  with  0.5  vtX 
aluaina  are  listed  in  Table  1.  Electron  aicroscopy  revealed  that  a  saall  aaount 
of  alua.na  addition  enhanced  the  s .  nterab.  1 ;  ty  without  the  large  gram  growth 
and  the  superior  piezoelectric  properties  of  (h'a.Li)NbOs  ceraa.cs  were 
obtained.  Using  Oi*o.  a  L.o,.  )Nb0j  with  0.5  vt.X  Al*  0,  .ultason.c  transducers 
froa  5  MHz  up  to  20  MHz  have  been  developed. 
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Table. 1.  Piezoelectric  and  dielectric 
properties  of  (Has.  w  Lio.  i  )Nb0, 

♦  0.S  vt.X  Al  4  0 *  . 


Dielectric  Constant 

e  ,,/e  »  =  JJO  (JVllz) 
Coup! ing  Factor  Kt=  (2  X 

Kp  =  21 

Frequency  Constant  N t  =  2900  Hz-e 

0  0.05  0.10  0.15  Np  =  3T00 

X  in  (Si...  Li,)  ;no,  Density  p  =  «.5xI0>kg/. 

Fig.l.  Mecsured  density  of  Li«  )l,'b0j  Cur‘e  Tenperature  Tc=  3<0  C 

is  a  function  of  iithiuo  content  X .  '  ~~  ~  ~ 

O  :  without  aluaina,  •  :  ?»tli  0.5  rt.X  aluaina, 

- ^theoretical  value. 


•J  O  u  m  \ 

L~ 


(  a  ) 


(.  b  ) 


*it.  2.  SEM  photographs  of  ( .Va  o.  •  Lio.  i  )Nb0s  ceramics  vith  0.5  »tX  A 1  a  0a  (a) 
and  Without  A  l  a  0a  (b). 
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tUECTROMECHAN  1CAL  PROPERTIES  OF  PLANAR  VIUKA1  IONAI  MODE  IS  l7TfOIV«B  PI  Ey<  ■ 
ELECTRIC  COMPOSITES 


HIROSHI  TAKEUCH 1  and  CIIITOSE  NAKAYA 

Central  Research  Laboratory.  Hitachi  ltd..  Kokubunji.  Tokyo  185.  Japan 


ABSTRACT:  Electromechanical  properties  of  planar  vibrational  mode  in  PZT  'polymer 
1-3  composites  were  determined  as  a  function  of  the  PZT  volume  fraction  and  PZT 


Pillar  shape.  An  electromechanical  coupling  factor  kp  of  0.38  was  observed 


when  using  epoxy  as  a  polymer  matrix. 


1.  INTRODUCTION 

Recently,  piezoelectric  composites (PZT/ polymer)  having  various  structures 
have  been  intensively  analyzed  for  hydrophone  and  medical  ultrasonic  probe 


applications.  These  composites  can  be  classified  according  to  Newnhams  con¬ 


nectivity  theory^  The  1-3  connectivity  (PZT  pillar  embedded  in  a  polymer  matrix) 


is  reported  to  be  useful  for  high-frequency  medical  ultrasonic  appl  ications""4^ 
Furthermore,  the  dynamical  behavior  of  the  thickness  mode  has  been  analyzed 
theoretically  in  the  1-3  composites?^ 

However,  the  planar  vibrational  mode  of  1-3  composite  has  not  yet  been  in¬ 
vestigated  systematically  because  this  mode  is  unwanted  vibration  for  medical 
ultrasonic  application.  In  the  present  work,  electromechanical  properties  of 
Planar  vibrational  mode  were  determined  as  a  function  of  the  PZT  volume  frac¬ 
tion  and  PZT  pillar  shape. 


2.  EXPERIMENTAL 

PZT/polymer  1-3  composite  disks  were  fabricated  using  a  "dicing  and  filling" 
technique.  The  PZT  pillar  size  and  volume  fraction  were  varied  by  changing 
the  blade  thickness  and  dicing  pitch.  Chromium-gold  films  were  deposited  as 
electrodes  onto  both  surfaces  of  composite  disks. 

The  electromechanical  properties  of  planar  vibracional  mode  were  determined 
by  measuring  the  impedance  characteristics  with  an  HP- d’, ?Z A  impedance  analyzer. 


The  electromechanical  coupling  factor  kp  was  determined  from  the  following 


equation: 


k  2 

P 


1.24 


(2  .  f? 
•n  m 


where  f  is  the  minimum- impedance- frequencv.  and  f„  the  maximum- i mpedance- f re- 
m  n 

quency.  Frequency  constant  Np  was  approximated  by 


3.  RESULTS  AND  DISCUSSION 

Typical  impedance  characteristics  of  PZT  epoxy  composite  disk  are  shown  in 
Fig.l  together  with  phase  characteristics.  Here,  the  diameter  and  the  thickness 
of  the  disk  are  1 imm  and  0  4mm,  respectively  A  sing.e  resonant  curve  was 

obtained. 
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:it*rt.r  omerhdnicdl  coupling  factor  k^  die  sfiown  i  ri 
i  amt*  f  r  act  :  on  »  Samp.e  tfuncrinss  :  s  ■>  i  mm  arid 

!  ZT  pi  *  •  »j r  shape  w  t  is  <'hanq«*d  from  1  !u  3.  5  r  equency  cofisl.dnt  was  found  t  o 

be  rj early  depenacni  on  ^  ,T  This  is  because  the  pianar  viDratiunai  mode  is 
exited  throuqh  o  i  t  tri:  t  mecf  u*i, ;  c«»  i  interaction  between  !Z  T  pillar  arid  po.ymtt 
ma 1 1  i  x 

E  l  ect  romecr.ari .  c.i  \  coup 


r.q  1  actor  k^  gradually  decreased  witti  <3  decrease  .n 


However  . 


t 


stayed  as  high  as  U  .  32  ^  0  fd  over  the  region 


>*n  us  i  r>g  epoxy  as  a  polymer  matr  . 


Hi .  s 


ar  ge  enough 


.at  era i  mooe  hpp . . cut . uns 

‘rne  res. Its  of  this  wor  *  ,mpjv  that  P/T  epoxy  ;-J  composites  are  po'entiui 
materia:*  tor  not  f,n  i  v  thickness  mode  application  but  also  flextcr-  mode  appli¬ 
cation  such  as  a  p  i  ezoe  i  ect.r  i  c  speaker  In  addition,  low  acoustic  impedance 
compared  to  FZT.  relatively  high  k  and  flexibility  of  these  materials  may 
a i so  open  the  way  to  other  new  appi icat ions . 


fig.  1.  Impedance  and  pnase  character¬ 
istics  of  P2T/epoxy  composite  disk 
(diameter:  llmm.  thickness:  0.4mm). 

P2T  volume  fraction  and  PZT  pillar 
shape  w/t  are  0.59  and  1.0,  respec- 
t i vel y . 


PZT  VOLUME  FRACTION 

rig.  2.  Frequency  constant  and  electro¬ 
mechanical  coupling  factor  of  planar 
vibrational  mode  in  composite  disk 
as  a  function  of  PZT  volume  fraction 
(sample  thickness:  0.1mm). 
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Anisotropic  Piezoelectric  Coupling  Factor  of 
|  ?b  x  (Bi„ .,Na„ , _x|  TiO,  Ceramics 


Shinjiro  Tashiro,  Yukio  Oixawa.  Hideji  Igarasm  and  Kiyosn  Oxazaxi 

Dept,  of  Electrical  Engineering,  The  National  Defense  Acaoemy, 
Yokosuka  239,  Japan 


Alkaline  earth  metals  (Ba ,  Sr ,  Ca)  or  rare  earths  iLa.Pr.Nd, Cm, Gd;  rocified 
PbTiO,  ceramics  have  been  extensively  investigated  because  of  tneir  great 
promise  as  a  material  for  high  frequency  and  high  temperature  applications, 
and  it  was  found  that  Ca  or  Sm  with  smaller  ionic  radius  compared  with  Pb  ion 
was  excellent  as  the  substituting  elements  to  make  large  piezoelectric 
anisotropy  between  longitudinal  and  transverse  modes.  Sakata  et  al 
investigated  the  piezoelectric  properties  of  (Bi„ . sNa„ ) TiO, -PbTiO,  system 
near  the  MPB  compositions . 0 .  In  t  ie  tetragonal  phase  rigicn  of  their 

system,  large  anisotropy  in  piezoelectric  properties  would  be  expected  Decause 
of  the  small  ionic  radius  of  Bi  and  Na  ion.  In  this  study,  dielectric  and 
piezoelectric  properties  of  PbTiO, -  (Bi„ . ,Na„ .,) TiO, -Pb (Fe„  . , Nb„ .,)  0,  system 
ceramics  were  experimentally  investigated.  The  compositions  of  the 

ternary  system  were  x- PbTiO, -y- (Bi. . 4Na„ .,) TiO, -z-Pb  (Fe„ . , Nb0 .,) 0,  with  1  moll 
MnCOj  (hereafter  abbreviated  to  PBFNx/y/z)  . 

Lattice  parameters  of  the  PBFN  (x/y/0)  and  PBFN(x/y/5)  as  a  function  of 
PbTiO,  content  (x)  are  shown  in  Fig.1.  MPB  was  found  near  x  =  18  mol%  in 
PBFN  (x/v/O)  as  same  as  reported  by  Sakata.  By  adding  of  5mol% 
Pb(Fe„ -,Nb0  .,)0,  ,  tetragonal  phase  region  was  extended,  moreover  the  change  of 
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rig.  1.  Lattice  parameters  of  the 
PBFN  (x/y/0)  and  PBFN  (x/y/5)  as  a 
..unction  of  .'tTiO,  content  (x)  . 


10  20  30  40  5C  60 

PbTiO,  Content  x  imol%j 

Fig.  2.  Electromechanical  coupling 
factor  kp.kt,  dielectric  constant 
£  j , / £  o,  Curie  point  ?c  and  poisson's 
ratio  <j  2  of  PBFN  (x/y/5)  . 


crystal  tetraqona  1 1 ty  tc/a)  was  decreased.  Fiqure  2  snows  eiectromecnanical 
coupling  factor  kp.kt.  dielectric  constant  i  \,/i  „  ,  Curie  point  Tc  a~a 
poisson  s  ratio  n of  PBFN(x/y/5)  as  a  function  of  ixl  .  Thickness 
dllatational  coupling  factor  kt  did  not  noticeaoly  change  with  PCTiO,  content 
(x)  and  had  relatively  large  values  (0  42-0. 46i  .  In  contrast  to  kt.  planar 
coupling  factor  kp  decreased  notably  in  the  region  from  x  =  '0  to  x  =25,  and 
kept  the  values  (0 . 072-0. 078)  from  *  =  25  to  x  =  40.  and  decreased  again  m  tne 
region  greater  than  x  =  45.  Poisson  s  ratio  o  1  decreased  from  x  =  '0  to  x  = 
20,  and  kept  the  value(0.22)  in  the  region  greater  than  x  =  0.20.  This  change 
is  similar  to  that  of  kp.  this  result  suggests  that  anisotropy  of  coupling 
factor  relates  to  poisson's  ratio  a1  .  The  r  ,,/r  „  decreased  rapidly  with  x) 
and  Tc  increased  to  correspond  to  c/a  change,  i  j,/t  „  was  smaller  than  2C0 
and  Tc  was  higher  than  400°C  m  tne  region  greater  than  x  =  30.  Figure  3  shows 
coupling  factors  kt.kp  of  P8FN (x/y/0)  and  P8FN  (x/y/5)  .  By  suDStituting  5  moil 
Pb  (Fe0  .  ,Nb0  . ,  )  0,  ,  kp  decreased  remarkably  in  tne  PbTiO,  rich  region.  Figure  4 
shows  the  correlation  between  tr£  and  coupling  factor  xp  wmch  nave  reported  in 
the  various  kinds  of  PbTiO,  ceramics.  Good  correlation  between  kp  and  can 
be  seen,  and  it  suggests  that  kp  has  negligibly  small  value  if  j1  is  smaller 
than  0.19.  However,  it  is  not  enough  to  explain  this  relation  theoretically 
because  oE  =sf,/s*.  is  not  an  intrinsic  constant  to  dominate  kp  value. 


Fig.  3.  Effect  of  substitution  of  5  moll  flg.  4.  Correlation  between  a1  and 
?b  (Fe„  .,Nb0  .,)  0,  on  coupling  factors  xp.kt  coupling  factor  k?  in  PbTiO,  ceramics 
of  ?BFN(x/y/0).  modified  with  various  suostituting 

elements . 
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EFFECTS  OF  SHAKE  AND  VOLU1F  FRACTION  OF  CLOSED  TORF  OR  DIFLFCTRIC  LOSS.  1CCIIAMCAL  QUALITY 
FACTOR  ANO  ELECTKOHECHAN I  CAL  COUPLING  FACTOR  OF  DIELECTRIC  AND  PIEZOELECTRIC  CEKA1ICS 
-  A  THEORETICAL  APPROACH  • 

HISAO _ BANNO  VGK  SPARK  PLUG  CO . ,  LTD.  NAGOYA  JAPAN 

1.  THFORY 

Serit-s  and  parallel  models  are  schematically  shown  in  Fig.l.  Elastic  properties  for  shear 
aodulus  G  and  bulk  Modulus  K  are  expressed  as  follows: 

For  series  Mode  I , 


l/F-'v/'G  +  1  v/*G 

(1) 

1/K  = 

'v/'X  +  *v/*K 

(2) 

for  paral lei 

aodel , 

t-'v-'Cf'v'C 

(3) 

and  K  * 

'v  •  ‘K  a  *v  •  *K. 

(4) 

Young's  Modulus  E  and  Poisson's 

ratio  tf 

are  expressed  as  a  function  of  G  and 

K  as 

foil ows : 

E-  9KG/  (3K  +  G) 

■  (5) 

and  0  -  (3K  - 

-20/  (2(3K  +  G) )  . 

(6) 

Combining  the  equations  1-  6,  one  can  obtain  the  equations  for  the  Young's  Modulus  and 
Poisson's  ratio  as  follows: 

For  series  Model , 

l/F-'v/'E  ■*  *v/*E  (7)  and  a  -  Cv/'E)  •  '  <r  + (*v/*E)  ■  1  <r  .  (8) 

For  parallel  Model,  Hashin  discussed  the  elastic  properties  of  fiber- reinforced  coaposile 
and  gave  a  very  important  approx iea t i on  as  follows:11 

£«*»'»•' E  +  *v  •  *E  (9)  and  J  ~'v  •  1  <  t  'v  ■  1  «  (10) 

where  Poisson's  ratio  o  is  with  less  accuracy.  It  is  the  equations  7  and  9  for  the 
Young's  Modulus  that  Newnhaa  et  al.  based  on  when  he  derived  those  for  piezoelectric 
constants  of  the  series  and  parallel  Models.*1 
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Fi g. 1 .  (a)  Seri  es  and 
(b)  parallel  Models. 


Fig. 2.  lodified 
cubes  model. 


Fig. 3.  Schematic  representation  of  the  Model 
which  is  divided  is  into  two  parts  for  (a)  Z 
and  (b)  X  directions. 


flechanical  quality  factor  Q.  and  Mechanical  loss  tangent  tan  4  „  are  defined  as  follows: 

fl.“l/tan<5.  “s'/s'  (11) 

where  s'  and  s’  are  real  and  imaginary  parts  of  complex  elastic  compliance  s  (“s'  -  j  •  s’). 

Combining  the  equations  7,  9  and  11,  the  theoretical  equations  for  9.  or  tan 4  .  of  series 
and  parallel  Models  are  obtained  as  follows: 

For  Q.i]  or  tan4.J3  of  series  model  and  Q.i,  or  tan4.,,  of  parallel  model,  and 

1  v  ■  1  s  •  1  tan  i5  .  -  *v  ■  ‘s  ■  *  tan  4  . 


1/  Q.  “  tan  5  .  -  "  "  1  v  •  1  s  *v  •  *s 

for  9  m ,  i  or  tan  6  mi  i  of  series  model  and  9. is  or  tanZ.jj  of  parallel  model  in  the  case 
when  Clan  4  .)  *  <  <  1  and  (*tan4„)*<<l, 

tan  4  .  -  *v  ■  1  s  •  *  tan  4  . 


1/Q.  “  tan  4  .  ■ 


-  *v 


(13) 


Dielectric  loss  tangent  is  defined  as  follows. 

tan  1  ■  i  f  1  (14) 

where  «  ’  and  «’  are  real  and  imaginary  parts  of  complex  dielectric  constant  t  (  ”  t  ’  -  j 
«').  This  relation  and  the  equations  of  dielectric  constants  from  series  and  parallel 
models  are  similar  to  the  elastic  compliance's. 

Accordingly  one  obtains  the  following  equations: 

For  tan  4  n  of  series  model  and  tan 4  ,  ,  of  parallel  model, 

- r  —  'v-'t  'tani-'v  't  'tand  , , 

tan  4  •  1/  Q  - - .  v  .  ,  t  r~~ -  1 

and  for  tan  d  , ,  of  series  Model  and  tan  611  of  parallel  model  in  the  c3se  *hen  ('tan  5)* 


I 


I 

} 

I 


<  <  1  and  (*  tan  i)*'-  <  l  , 

-  —  'v-,«-'tan<5'lv-'£-ztrtn<5 

Un  6  -  1/tt  =  »v  .  *  £  ♦  lv  •  '  c  1G 

Assaying  that  the  unit  cell  of  the  modified  tubes  model  (Fig. 2)  *5  divided  into  two  parts 
as  shown  in  Fig. 3  (a)  for  Z  axis  direction  and  (b)  fur  X  axis  direcliun  respe*.  1 1  ve  I  >  and  ha^d 
on  this  geometr>  and  combining  theoretical  equations  from  series  and  parallel  models,  one  can 
derive  the  theory  on  the  dielectic,  elastic  and  e I e<  l romrehan u a l  properties.  The  notation 
is  used  in  this  paper  according  to  Sewnham’s.** 

With  consideration  of  distribution  and  shape  of  pores  (shape  factor  Ks)J>  and  assuming 
that  '  F  -  0  and  'a  =0.  the  theoretical  equations  for  Young's  modulus  F,  elastic  c«>mp  I  i  an«  ••  s 
and  Poisson’s  ration  of  the  ceramics  with  closed  pores  are  obtained  as  follows: 

En-  I/s,,-  *E#J(1  P*°'K s,/J)  *  (!/**, iMl  ~  P*'V K,*'3)  (H) 

^3,  -*^3.(1  l,,/VK$,y*'  (  I  K) 

E,,  -l/r,,-,F.ll(l  P,/'3  •  Kj 1  '*)  -  (l/*s,,)fJ  -  P8'J •*,■'»)  UH) 

and  7  ,,-x  0  ,,(1-  Px/3/K*'  '*) .  C20) 

Theoretical  equations  for  mechanical  quality  factors  Q»»i  and  (1*3,  or  mechanical  loss  tangent 
tan  6  mi i  and  tan <5  .33  of  the  ceramics  with  closed  pores  are  obtained  as  follows: 

0*33  “  1/tan  f>  »33  *  l/*tan  <5  ma  -  ‘Q«*33  (21) 

and  1  *  i/Un  <5  .1  ,  *  f/xlan  6  m ,  ,  *  *Q»i  1  .  (22) 

Theoretical  equations  for  dielectric  loss  tangent  tan  <5  from  scries  and  parallel  models 
are  derived  as  equations  15  and  16.  Assuming  that  the  loss  tnngent  of  pore  1  tan  <5  is  *ero, 
the  dielectric  loss  tangent  of  the  ceramics  with  r losed  pores  are  obtained  as  follows: 
tan<533*ttan^33  (23)  and  tan  <5  M  *llan  d  n.  (24) 

The  radial  coupling  factor  kp  is  expressed  as  follows: 

k  «.  -  2  ■  d  .  (25) 

kr  1  ,,T  •  s  (1  -  t  • 

As  k,  is  a  function  of  c  uT,  dn,  s, and  o  one  can  obtain  a  theoretical  equation 
for  k»  as  a  function  of  voluae  fraction  CP)  and  shape  factor  (Ks)  of  pores. 


2.  RESULTS  AND  01 SCUSS10KS 


Okazaki  el  al.  have  reported  porosity  dependences  of  resonant  impedances  (2.)  and  radial 
coupling  factors  (k.)  of  hot  pressed  piezoelectric  (PZT)  ceraa ics. *’  Comparisons  between 
theory  and  experimental  results  are  shown  in  Fig. A  (a)  and  < b) . 

Banno  et  al.  have  investigated  the  porosity  dependences  of  di"lectric  loss  tangent  (land) 
or  electrical  quality  factor  (0*1/ tan  4)  of  microwave  dielectric  ceraaics.  Results  are 
shown  in  Fig.5.’1  There  is  no  dependec.ee  of  the  quality  factor  (0)  on  porosity,  which  agrees 
well  with  the  theoretical  equations  21  and  22. 

In  Fig. 3.  the  theoretical  values  agree  well  with  the  expcraenial  ones  in  the  case  when 
the  Kj  value  is  0.5.  This  results  are  r.aae  as  those  for  dielectric  and  piezoelectric 
cons  tan  is .  ” 


Fig. 4.  Coaparison  between  the  experiaental  and  theoretical  Fig. 5.  Electrical  quality  factor 
values  for  (a)  resonant  impedance  lr  and  (b)  electro-  fl(*l/tanfl)  of  microwave  di¬ 
mechanical  coupling  factor  k»  of  hot  pressed  P2T.  electric  cecamics  vs.  porosity 
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EFFICIENCY  OF  PIEZOELECTRIC  CERAMIC  ACTUATOR 


S . TAKAHASHI 

Material  Development  Center, NEC  Corp.,  Miy amae , K a wa s ai 1  - sh 1  213,  Japan 


ABSTRACT:  Multilayer  piezoelectric  ceramic 
operation  was  experimentally  investigated, 
energy  could  be  recovered  for  the  actuator 
dc  source  with  a  series  inductor.  About  20 
in  the  actuator  as  heat. 


actuator  efficiency  for  pulse  mode 
About  60  of  supplied  electrical 
without  mechanical  1 oad i ng , u s i ng  a 
%  of  the  Supplied  energy  was  lost 


1.  INTRODUCTION 

In  order  to  operate  the  multilayer  piezoelectric  ceramic  actuator'^  in  a 
pulse  mode, a  charge-discharge  circuit  has  conventional  ly  been  used.  In  tms 
case, unused  stored  energy  in  the  actuator  was  wasted  in  every  discharge  cycle. 
The  present  study  reports  a  method  to  recover  the  unused  stored  energy. 

2.  BASIC  PRINCIPLE 

Figure  1(a)  shows  a  driver  circuit  with  a  series  inductor  L.  When  switch  sw 
turned  on, voltage  across  the  actuator  and  current  I  change  with  a  time, as 
«npwn  in  Figs.lfb,1  and  '  z ) ,  respect  i  vsly .  The  sctuctcr  is  charged  during  tiie 
first  half  cycle  (0  t  <^T/2).  The  amount  of  energy  supplied  from  an  electrical 
source  Es  can  be  expressed  as 

ir/i 

Es=  el  1  dt  m 

'0 

where  Eq  is  the  dc  source  voltage.  In  the  second  half  cycle  !  T  /  2  C.  t  C.  T )  . 
unused  stored  energy  in  the  actuator  can  be  recovered.  The  amount  of  recovered 
energy  Er  is  expressed  as 


3.  RESULTS  AND  OISCUSSION 

Current  I  was  measured  for  cn  actuator  without  mechanical  1 oadi n g  ,  u s  i  ng  the 

driver  circuit  as  shown  in  Fig. 1 ( a  I  , where  E  =T8  V  and  L  =  10  mH .  The  result  is 

3  o 

shown  in  Fig. 2.  Pertinent  values  for  Es  and  Er  are  2.7  mj  and  1.5  mj , r es pec 1 1 ve 1 
Fifty  six  percent  of  supplied  energy  is  recovered. 

'he  sum  of  equivalent  resistances, for  the  inductor  and  the  actuator  R^+  R  _ , 
i s  determi ned  by 

Rl+  R,  =  '  2  L  /  T  )  1  n  ( I ,  /  I  j  )  !  3  I 

where  =  1 0  fl  ■ 

Consequently.the  heat  energy  lost  in  the  actuator  in  one  cycle  E  can  be 
calculated  by 


•  4  ; 


of  the  supplied  energy, 
e  s  $  ed  as 


'  5  ) 

i  g  e  application  duration  t  ’•  m  e  *  c  is 

ows  observed  and  calculated  temperature 
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CERAMIC  GREEN  SHEET  PUNCHER  USING  PIEZOELECTRIC  ACTUATOR 

T.  YOSHIURA ,  K.  YOSHIDA,  and  1.  KAGAYA 

RfcD  Planning  and  Technical  Service  Division,  NEC  Corporation 
Y  .  SHIMADA  and  S.  TAKAHASHI 

Material  Development  Center,  NEC  Corporation 

ABSTRACT:  A  Ceramic  Green  Sheet  is  required  to  nave  many  through  holes, 
made  by  a  small  hole  punching  tool  with  a  very  small  pitch.  A  Ceramic 
Green  Sheet  Puncher  generally  has  a  punch  and  die  arranged  in  some  pattern. 
However,  a  puncher  which  has  patterned  punch  die,  can  not  be  used  to  match 
a  variable  pattern.  The  authors  have  developed  a  ceramic  green  sheet 
puncher,  using  a  piezo  electric  actuator.  It  is  compact  and  can  punch 
through  holes  in  a  variable  pattern. 

MECHANICAL  STRUCTURE 

This  ceramic  green  sheet  puncher  uses  a  piezoelectric  actuator  which 
takes  advantage  of  the  momentary  stretch  force  in  a  piezoelectric  actuator. 
This  stretching  force  actuates  a  pin,  the  punch,  in  such  a  manner  as  to 
punch  a  through  nole  in  a  ceramic  green  sheet,  placed  between  die  and 
punch.  The  pin,  the  punch,  is  mounted  at  the  center  of  the  plate  spring. 
Moved  by  the  force  from  piezoelectric  actuator,  the  spring  is  bent,  the  pin 
is  moved  forward  until  it  enters  the  hoi*  in  the  die  througn  the  ceramic 
green  sheet.  The  puncher  has  two  lines  of  pins  drawn  up  in  a  line.  Each 
line  has  30  pins.  The  puncher  moves  laterally  and  ceramic  green  sheet 
moves  at  a  right  angle  to  the  puncher.  The  piezoelectric  actuator  is 
driven  according  to  instructions  from  tne  control  instrument.  Movements 
are  made  according  to  a  pattern  which  is  shown  on  tne  CRT. 

ABILITY 

This  ceramic  green  sneet  puncher,  using  a  piezoelectric  actuator,  car. 
punch  2400  through  hoies  in  a  ceramic  green  sheet  during  a  90  second  time 
period  including  the  green  sheet.  The  inner  diameter  of  tne  through  nole 
is  0.251  mm,  when  zne  ceramic  green  sheet  is  punched  with  a  0.250  nit 
diameter  pin.  The  die  has  a  G.35C  sun  inner  diameter-  Sometimes  the  Dac* 
of  the  ceramic  green  sneet  orea*s  off  putting  a  burr  or.  the  inner  edae  of 
the  through  hole.  That  ourr  causes  no  trouble  ir.  regard  to  using  tne 
punched  nole  as  a  through  hole.  Tne  distance  tne  hir.  moves  is  1  mm,  wren 
-.20  V  is  applied  tc  the  piezoelectric  actuator  and  when  a  plate  spring, 
0.05  mm  thick  and  3  mm  wide,  is  used  tne  through  hole  pitch  is  1.295  mm  and 
pitch  error  is  TC.02  mm.  Tne  puncher  and  ceramic  green  sneet  feeder  has 
0.005  mm  resolution.  This  equipment  can  pur.cn  holes  m  an  83  mm«83  mm  area 
and  100  mm*100  mm  ceramic  green  sheets  can  oe  mounted  ir.  tne  punch  cress. 
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MONOMOP  PH  ACTUATORS  USING  SEMICONDUCTIVE  FLRH-  LLECTP  ICS 

Ken}i  Uchino  and  Mixihiko  Yosniza^.; 

Depa rtmer. t  of  Physics,  Sophia  University 
Kioi-cho  7-1,  Chiyoda-ku,  Tokyo  '02 

Hiroshi  Yamamura,  Kiyoshi  Kasai,  Naomi  cm  SaKai  ana  HiiuSM  Asa^-ra 
Advanced  Materials  Research.  laDCCator;.  ,  T-.yo  Soda  vautart  ji  mu  >’0.  :  Ltd , 
Hayakawa  2743-1,  Ayase-sni  hura^awa  2:2 

A  new  actuator  device  is  proposed  using  sem 1  conduct : ve  ferroelectric 
ceramics.  This  device  is  a  s  lirole-pla  te  actuator  capable  of  pending 
equivalently  to  a  piezoelectric  Dimo.nh.  A  significant  difference  is  a 
simple  structure  named  as  a  "monomorpf.  ;n  comparison  with  a  mu  1 1 1  -  stacked 
type  in  the  bimorpn,  as  illustrated  ir.  Fig.  1. 

The  Key  to  Obtaining  tne  bend  1  r.  the  mcnomcrph  dev  me  is  to  realize  non- 
uniform  electric  field  distribution  in  the  piezoelectric  ceramics.  If  the 
ceramic  plate  is  semiconduct 1 ve  as  well,  the  ceramics -metal  I ic  electrode 
junction  introduces  a  carrier  to  the  electron  energy  band  structure  (Fig. 
2(a)).  When  an  electric  voltage  is  applied  to  the  semiconduct  1 ve  plate 
through  the  electrodes,  the  field  is  concentrated  only  on  one  side  of  the 
plate,  as  shown  m  Fig.  2(b).  The  corm. i r.at ion  of  the  piezoelectricity  with 
the  field  non-uniformity  causes  the  bend  :n  the  ceranc  plate. 

Figure  3  shows  examples  of  moromorph  actuators:  fa)  0 . 8?bZrO3-0 . 2  (  K  .  *•  ,'2  } 

ZrCj  -1  mol%Al203  (20mm  x  1 0mm  x  0.5mm)  and  (b)  BaTiOy-0.18  moltC'yjCj  (40mm  x 
10mm  x  0.5mm).  Tne  displacement  at  tne  top  of  a  monomorph  reaches  10C  ur , 
comparable  to  the  deflection  of  the  conventional  bimorphs.  The  slope  of  the 
displacement  curve  suggests  the  sem; conduct ive  characteristics,  n-  and  p-tyoe, 
for  the  samp.es  (a)  and  (b).  respectively.  It  .s  worth  to  note  that  the 
ceramic  p.ate  with  ermi  c  -contact  e.ect  redes  (I  r.Ga '  reveals  nc  significant 
def  .ect.cn . 

Fioure  4  snows  tne  composition  dependence  cf  the  monomorph  eharacterist ics 
1  n  tne  solid  solution  ceramics  f  ’■  -x  )  PbZrO-j-x  (  K,  > .  ?)ZrC>3  (20mm  x  *  0mm  x 
2. 6  5  m.?. ).  The  dopants  such  as  Al-,0-,  and  Si07  also  affect  significantly  tc  the 
properties. 
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Fig.  '  Structures  cf  a  r imcrpr. 
and  a  monomorpr.  actuator  (fc). 
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DEVELOPMENT  OF  ELECTROSTRICTIVE  CERAMICS 


S.  JOMURA ,  K.  MARUTA  and  J.  WAT  AN  ABE 

Magnetic  and  Electronic  Materials  Research  Labolatorv,  Hitachi  Metals  Ltd., 
5200  Mikajiri  Kumagaya ,  Saitama  360,  Japan 


ABSTRACT:  E lect restrictive  ceramics  with  a  large  displacement  (strain)  for  the 
piezoelectric  actuators  have  been  developed.  As  large  strain  as  1*10  which  is 


induced  transversely  to  the  applied  electric  field  is  obtained  at  10  kV/cm  by 
using  electrically  induced  phase  transitions  between  ferroelectric  (FE)  phase 
and  antif erroelectr ic  (AFE)  one  in  FE-AFE  coexisting  ceramics. 


1 .  INTRODUCTION 


The  recent  developments ^ ^  of  the  piezoelectric  ceramics  have  opened  the 


piezoelectric  actuators  with  relatively  large  stroke,  fast  responce  and  compact 
size.  For  these  applications,  the  easy  generations  of  a  large  stroke  under  low 
applied  voltage  are  essential.  This  requirement  has  been  partially  satisfied  by 
the  use  of  multilayer  structure  ^  ,but  improvement  of  material  properties  is 
also  necessary.  The  present  study  reports  the  electrostrictive  ceramics  with 
a  large  strain. 


2.  EXPERIMENTAL  AND  RESULTS 

Four  types  of  mechanism  for  the  piezoelectric  strains  are  nov?  known,  that  is, 

(1)  usual  piezoelectric  strain  propotional  to  piezoelectric  strain  constant  d, 

(2)  domain  reorientation,  (3)  volume  change  accompanied  with  phase  transitions}* 
and  (4)  eiectrostr iction .  In  order  to  obtain  a  large  strain,  above  four  types 

cf  strains  snculd  be  fully  utilized.  In  the  present  work,  it  was  clarified  that 
a  large  strain  can  be  achieved  using  electrically  induced  phase  trar.siticns  m 


the  FE-AFE  phases  coexisting  cernics  as  shown  in  Fig.l.  For  example,  the  trans 


verse  strain  such  as  1*10  , normal  to  the  applied  electric  field,  is  obtained  at 
10  kV/cm.  It  is  necessary  to  improve  several  properties  of  this  ceramic  materi¬ 
al,  such  as  large  hysteresis  and  temperature  stability,  in  the  case  of  some  app- 


i ications . 


POL  ARIZATION 


ELECTRIC 

f  IE  ID 


Fig.l  fa)  Schematic  double- 
hysteresis  locp  cf  a  FE-AFE 
coexisting  ceramics.  Regions 
of  G-F-O-A-B  show  AFE  state 
and  D-C-E  and  I-H-J  show  FE 
ones.(b)  Strain  vs.  applied 
electric  field  curve  of  (Pb, 
Sr)  (Zn,Ni,Nb)07  ceramic  mat¬ 
erial. 


ELECTRIC  FIELD  (KV/CM) 
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TEMPERATURE  Lj-PL:.Lt...wL  or  LLLC7KGSTR 1 C7 ;  •  \  UNDER  A  MICH  LUCTH'.C  >..... 

K.  ABE,  0.  FURUKAWA  and  M .  KATSURA 

Metals  and  Ceramics  Laboratory,  Research  and  Development  Center,  losinOd 
Corp.  KdwasaKi,  2H3,  Japan 

k.  inagak: 

Maroon  Electronics  Co.  Lta.,  s<iua* ,  Van.ta4at<»,  >93,  Japa:; 

ABSTRACT:  A  multilayer  actuator,  using  a  modified  lead  zinc  nioDate  ceramic, 
was  fabricated  to  investigate  the  temperature  dependence  of  elect rost r ict ion 
under  a  high  electric  field.  Temperature  dependence  of  electrostr iction  under 
a  high  electric  field  was  estimated  to  oe  less  than  1.2%/°C  by  using  dielec¬ 
tric  stiffness,  higher  order  stiffness  and  their  temperature  derivatives. 

l .  INTRODUCTION 

The  electrostrictive  effect  is  suitable  for  microposi t loner  applications, 
because  of  small  strain  hysteresis1*.  However,  one  of  the  problems  for  elec¬ 
trostrictive  materials  is  temperature  dependence  of  strain.  Since  the  elec¬ 
trostrictive  coefficient  Q  does  not  change  much  with  temperature  fluctuation 
2  -4 ) 

,  the  change  in  dielectric  properties  should  be  the  mam  cause  for  temper¬ 
ature  dependence  of  strain. 

2 .  TEMPERATURE  COEFFICIENT  OF  ELECTROSTR ICTION 

The  relation  Detween  electric  field  E  and  polarization  ?  can  be  approxi¬ 
mately  expressed  as 

E  *  *  P-r^P3-  rP5  {  *  i 

where  <*,  a  and  r  are  dielectric  stiffness  a-’d  mgher  order  stiffness.  The 
relation  between  eiectrostr iction  S  and  polarization  ?  is  expressed  as 

S  -  QP2  ( 2  I 

where  Q  is  the  electrostrictive  coefficient.  Under  a  constant  electric  field 
(dE  *  0),  the  temperature  coefficient  of  electrostr ictior.  is  given  by  the  fol¬ 
lowing  equation,  derived  from  Eps.  Ml  and  (2). 


3.  EXPERIMENTAL 

A  multilayer  ceramic  electrostr ictor  was  fabricated  by  the  conventional 
green  sheet  method  for  easy  electric  field  application.  A  modified  lead  zinc 
niooate  ceramic  was  used  for  the  electrostrictive  material,  and  Ag-Pd  was  used 
for  the  internal  electrodes.  Hysteresis  curves  for  electric  field  vs.  polar¬ 
ization  were  recorded  with  a  Sawyer-Tower  circuit  under  various  temperature, 
f rom  9  *C  to  32  *C. 

A.  RESULTS  AND  DISCUSSION 

From  the  hysteresis  curves,  >,  .  and  f  were  calculated  bv  the  least  scuare 
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PREPARATION  AND  CHARACTER  I  ST  I CS  OF  NEW  MCNOMORFH  ACTUATOR 
N. SAKAI ■  K. KASAI,  and  H.VAMAMLRA 

Advanced  Material  Research  Laboratory,  Toyo  Soda  Manufacturing  Co.,  LTD, 

Kanagawa,  Japan 


ABSTRACT:  Bending  phenomenon  was  newly  Observed  in  a  single  ceramic  plate  of 
BaTiOj  which  was  doped  by  small  amount  of  SiO-,  and  A^Oj  or  Nb,f^.  The  Lending 
mode  may  occur  by  the  presence  of  potential  barrier  between  silver  electrode 
and  ceramic  semiconductor,  as  a  result  of  inhomogeneous  distribution  of  an 
electric  field  and  also  by  inhomogeneous  polarization  in  oxidized  surface 
layer . 

1 .  INTRODUCTION 

In  place  of  usual  electromagnetic  drive  actuator,  the  piezoelectric  ceramic 
actuator  is  preferable  to  control  a  position  for  precision  machining  tools 
or  optical  instruments  and  relays,  etc.  There  are  three  types  of  ceramic 
actuator,  that  is,  multilayer,  bimorph,  unimorph  types.  First  of  them  expands 
along  the  longtitudinal  direction  and  others  have  bending  mode.  In  present 
study,  it  was  found  that  the  ceramic  single  plate  of  BaTiO-j  which  was  doped 
by  small  amount  of  SiO^  and  Al^O^  or  Nb^Oj  showed  the  bending  effect  by  applying 
external  field,  similar  with  bimorph-  or  urumorph-type  elements.  It  was 
hereafter  named  "monomorph".  In  order  to  clarify  the  bending  phenomenon,  a 
boundary  effect  between  metal  electrodes  and  ceramics  and  a  role  of  oxidized 
insulate  layer  were  investigated. 

2.  EXPERIMENTAL 

After  BaTiQ,  was  ball-milled  with  SmoltSiOj  and  2-5  mol»Al,0^,  the  powder 
was  rubber-pressed  to  compacts.  Sintering  was  preformed  at  1250 °C  for  various 
periods,  1  to  15  hrs,  in  air.  BaTiO^  doped  by  NbjO.  (0.1  to  1  atl)  was  also 
prepared  in  the  similar  procedure  above-mentioned.  Metal  eiectorodes  such  as 
Ag,  Au,  Ga-In  were  used  to  check  the  electrode  effect.  Bending  effect  was 
measured  by  both  contact  method  using  potentiometer  and  non-contact  sensor 
method.  The  sample  size  measured  was  40  mm  length,  15  mm  width,  and  0.5  mm 
thickness.  The  measurement  was  procedured  at  the  position  of  28  mm  far  from 
the  fixed  end. 

3.  RESULTS  AND  DISSCUSION 

A  magnitude  of  bending  was  strongly  influenced  by  sintering  temperature 
and  sintering  oeriods.  Most  remarkable  bending  effect  was  observed  in  the  SiO, 

(5  mole  %)  and  Al^O^  (2  mole  %)  doped  BaTiO^  ceramics  which  were  sintered  for 
prolonged  times  such  as  10  hrs  (Fig  II.  In  the  sample  which  was  sintered  for 
prolonged  time,  the  electric  resistivity  was  relatively  low,  that  is,  10 
ohm. cm  and  gathering  of  impurity  phase  was  observed  by  SEM  and  XMA.  Theremcre, 
the  bending  effect  was  also  strongly  dependent  on  the  metal  electrodes.  Fic.I 
shows  electrode  dependence.  It  is  apparent  that  the  sample  attached  by  silver 
electrode  on  either  one  side  or  both  side  produces  the  remarkable  sending 

-1!6- 


semiconduct i ve  ceramics  ana  suver  electrode  as  a  res-.t  electric  :  it*d 
concentration  near  their  contact  Lcundary. 

On  the  other  hand,  it  is  well  known  that  the  N’L-dored  DaTiC,  shows 

3  J  4 

semiconduct ive  property,  of  which  electric  resistivity  is  10  -10  chm.cm. 

It  was  too  low  resistivity  toapply  high  voltage.  Tnereiore,  the  surface  of 
the  sample  was  oxidized  by  electrolysis.  Fig. 3  shows  eletrical  resistivity 
change  as  a  function  of  distance  from  the  oxidized  surface.  The  resistivity 
was  very  high  (  10^  ohm. cm)  near  the  oxidized  surface  and  then  decreased 

to  10°  ohm. cm  inside  of  the  ceramic  plate,  the  sample  thus  obtained  showed 
large  bending  effect,  regardless  various  electrodes  (Fig. 4).  The  electro- 
stnctive  behavior  was  much  diffrent  from  the  one  in  the  SiO^-Al^O^  doped 
BaTiO^  system.  This  experimental  fact  suggests  that  in  homogeneous  distribution 
of  polarization  in  oxidized  surface  layer  may  play  an  important  role.  Although 
similar  phenomenon  has  been  found  in  poly  vinylidene  fluoride  films* ^  ,  it  has 
never  been  observed  in  ceramic  single  plate. 


Electric  f «el d(kV/cR) 

Fig. 1 .  Displacement  versus  appl: 
electric  field  for  £ iC^ -A1 3 
dcoec  3aTiC,. 


Electric  f 1 e ! d ( a \ /ex) 

*ic. 2.  Effect  cf  electrode  t 
:  1  c  lace.T.er.t .  1  '■  Ga-Ir. ,  Ga-Ir. 
:iAu,Au,  c)  Ac,  Ga-Ir, 


D 1  stance(  m  m ) 


F 1  g  .  3  .  resistivity  c r. ar.ee  as  a 
function  c  f  t  r.e  distance  from 
the  surface. 
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Disc. a cement  versus  applied 


1)  Michael  A . Farcus , Fe rroelect r ic s , 5 7 , 2 C 3 ( 1 98 4 ) 
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LASER  PATTLRMNG  OF  POLYMERS  I  OR  ELLCTROMC  PACKAGING 
H.S.  Cole.  Y.S.  Liu,  H  R.  Philipp  and  L.M.  Loinsim 

General  Electric  Corporaie  Research  and  Development,  P.O.  Ho\  8.  Schenectady  N  Y  I2.VH.  I  SA 


Polymeric  materials  have  destrahle  features  as  a  packaging  medium  for  VLSI,  multichip  circuitry, 
and  as  an  interconnect  substrate.  They  arc  inexpensive,  can  be  formed  in  any  desired  shape,  can  with¬ 
stand  required  solder  temperatures,  have  excellent  dielectric  strength  and.  most  imporianiiv.  have  a  very 
low  dielectric  constant,  thus  reducing  capacitance  coupling  between  metallization  stripes.  This 
capacitance  often  determines  the  ultimate  speed  or  frequency  limitation  of  packaged  devices. 

For  hybrid  wafer-scale  integration,  a  major  concern  is  the  interconnection  layout.  Many  chips  are 
mounted  on  a  substrate  and  a  complex  interconnect  scheme  is  required  to  contact  different  metal  layers 
to  each  other  and  to  other  chips.  Recently,  laser-activated  chemistry  has  been  shown  to  be  a  viable 
method  to  fabricate  metal  lines  on  various  substrates.  The  production  of  metal  lines  by  laser-induced 
deposition  techniques  offets  several  advantages  over  other  ihin-film  deposition  processes.  The  User 
process  is  noncontact,  maskless,  low  temperature,  selective,  and  is  relatively  simple  and  economical.  A 
difficulty  often  encountered  in  the  use  of  laser-fabricated  metallizations  in  interconnect  technology  is, 
however,  the  relatively  high  resistivity  of  the  laser-deposited  metal,  usually  due  to  hydrocarbon  con¬ 
tamination.  An  approach  we  have  adopted  to  solve  this  problem  will  be  described.  High-conductivity, 
thick  (~5  jam)  metallization  compatible  with  chip  interconnect  process  requirements  is  feasible, 

Excimer  laser  photoetching  of  polymers  has  been  shown  to  be  a  convenient,  fast,  selective  method 
of  producing  fine  patterns  or  holes  in  polymeric  materials.  Selective  etching  of  polymeric  materials  is 
important  for  discretionary  rerouting  of  interconnects  as  well  as  for  opening  was  in  barrier-layer 
coatings.  For  practical  applications,  laser  photoetching  must  be  fast,  efficient,  and  not  harmful  to 
underlying  circuitry.  This  includes  metal  bonding  pads,  silicon  chips,  and  various  metal  interconnects. 
Thus,  the  maximum  fluence  available  for  etching  polymeric  layers  must  be  safely  below  a  level  which 
causes  damage  to  other  components. 

The  effect  of  laser  fluence  on  etch  rates  is  shown  in  Fig.  I  for  polyfmethyl  methacrylate).  This  well- 

studied  polymer  shows  the  general  trend  found  for  most  polymeric  materials.  Below  about  50  mj.cm-. 

little  or  no  photoablation  occurs.  This  phenomenon  requires  that  a  critical  number  of  chemical  bonds 

be  broken  per  unit  volume  and/or  that  a  critical  temperature  be  reached  for  significant  etching  to 

occur.  The  absolute  value  of  the  absorption  coefficient,  cr,  defines  the  depth  wuhir,  which  most  of  '.he 

incident  photons  are  absorbed.  One  might  speculate  that  if  a  is  low  and  the  absorbed  energy  per  unit 

volume  is  small,  little  or  no  etching  would  occur.  On  the  other  hand,  if  a  is  extremely  high,  the 

photons  do  not  penetrate  beyond  the  initial  surface  layer  and  the  etch  rate  would  also  be  low. 

Therefore,  one  would  predict  that  at  each  fluence  level  above  threshold,  a  maximum  etch  raie  would 

exist  for  absorption  coefficients  between  the  above  extremes.  This  is  experimentally  verified  in  Fig.  2. 

In  this  work,  polymer  blends  of  poly(o-methyl)styrene  and  polytmethyl  methacrylatel  and  copolymer 

blends  (styrene  ally!  a..ohol  copolymer  in  butylvinyl  ether  maleic  anhydride  copolymer)  were  prepared 

in  order  to  vary  the  absorption  coefficient  over  seveiai  orders  of  magnitude.  A  constant  fluence  of 
**  ^ 

200  mJ  cm-  *a$  used  in  one  study  and  100  mJ/cm-  in  the  other.  In  both  cases  a  maximum  m  etch 
rate  was  found  when  cr  was  adjusted  to  about  104  cm  *"  * . 

Optimization  of  the  polymer  etch  rate  b>  tailoring  a  will  thus  allo'x  the  fastest  rate  poivmcr  \  ;a 
hole  drilling  without  damage  to  the  underlying  circuit  components. 

-MS- 


•f  t  '  .  *  ,  * 

vw-vv.' a-.  v  x  -.-n 


Tirjir. 


% 


y 


S-! 


'i 


d* 


ip 


o 

I 


x"  \r 


DEPTH 


$XM 


"*V5IW  VIW1 


*jf«jrWtJTh^Banntf)PUKvvuwmnjvwj»)1 


W-17 


CHARACTER  I ZAT  ION  of  Hit  ROLE  Of  EXCESS  HAUNESR'M  OXIDE  AND  LEAD  OXIDE  IN  !  FAD  MACNEcU'M 
NIOBaTE 

HU  I -au  EH  W’ANC  and  W.  A.  SQIl’LZE 

New  York  rtaie  College  of  Ceramcs,  Alfred  University,  Alfred,  New  York  1LS02,  U.E.A. 


ABETRACT:  PblMg^Aib- (referred  to  as  PMN)  is  the  most  studied  of  the  diffuse  piiuse 
transition  or  relaxor  ferroelectncs.  The  ceramic  can  be  prepared  with  peak  permittivities 
of  25,000  (100  Hz)  which  suggests  very  "clean"  or  uninhibiting  grain  boundaries  when 
considering  electric  flux  continuity.  This  suggests  that  the  grain  boundary  is  either 
very  thin  or  is  composed  of  a  high  dielectric  constant  material.  Alternately,  the  ceramic 
exhibits  almost  100H  intragranular  fracture  and  moderate-to-iow  fracture  strength 
suggesting  that  the  PEN  grain  boundaries  are  very  weak.  This  paper  partially  explores  the 
chemistry  and  characteristics  of  these  grain  boundaries. 

Near-phase  pure  Pff)  with  MgO  and  PbO  additives  was  produced  by  the  method  of  Swartz  and 
Shrout  by  sintering  at  1200°C.  The  material  was  characterized  by  SEM,  x-ray  diffraction, 
SIMS  and  dielectric  measurements. 

The  microstructural  studies  supported  the  recent  TEM  study  of  Coo.  Batching  with 
excess  PbO  developed  a  continuous  PbO  rich  phase  in  triple  point  regions  of  the  grain 
boundary.  Batching  with  MgO  developed  isolated  inclusions  of  MgO  rich  material  in  the 
grain  boundary  and  in  the  grains.  Both  were  essentially  absent  in  unaltered  PMN.  SIMS 
studies  suggested  that  all  modifications  develop  a  microstructure  having  an  increased 
ratio  of  lead  in  the  first  few  hundred  angstroms  of  the  grain  boundary.  Quantitative 
analysis  of  the  lead  excess  content  is  prevented  by  preferential  sputtering  of  lead. 

Dielectric  measurements  indicated  that  the  highest  MgO  excess  composition  also  had  the 
highest  peak  dielectric  constant,  which  was  25,000  at  100  Hz.  Analysis  using  inverse 
dielectric  constant  versus  temperature  suggests  that  doubling  the  excess  lead  content 
doubles  the  thickness  of  the  grain  boundary.  This  was  graphically  demonstrated  by 
parallel  shifts  in  the  high  temperature  curves.  Excess  MgO,  however,  gave  a  considerably 
different  response.  The  1/K  equals  zero  intercept  remained  nearly  constant  while  the 
slope  (IK  over  temperature  squared)  decreased  with  increasing  MgO-  This  seems  to  indicate 
that  while  MgO  appears  to  have  a  very  low  solubility  in  PMN,  the  presence  of  discrete  MgO 
particles  affects  the  low  frequency  contributions  to  the  dielectric  constant.  This 
interaction  suggests  that  the  MgO  inclusions  could  decrease  the  diffuseness  of  the  phase 
transition. 
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TRIVALENT  IMrURITIES  IN  Bat  10^ 

K.  TAKADA ,  R .  Y.  LEE,  S.  R.  WITEK,  and  D .  M.  SMYTH 
Materials  Research  Center,  No.  32 
Lehigh  University 
Bethlehem,  PA  18015,  U.S.A. 

ABSTRACT:  The  effect  of  small  additions  of  trivalent  metallic  impurities  on  the 
electrical  conductivity  of  BaTiO^  has  been  studied  for  samples  having  an  excess 
of  either  BaO  or  TiO,.  The  properties  change  gradually  with  the  ionic  radius 
of  the  impurities,  indicating  that  those  of  intermediate  site  occupy  both  Ba 
and  Ti  sites  in  varying  amounts  that  depend  on  the  Ba/Ti  ratio. 

1.  INTRODUCTION 

Based  on  the  compatibility  of  ionic  charge,  impurity  cations  having  a  charge 
greater  than  4  are  expected  to  occupy  only  the  Ti  sites  in  BaTiOj,  while  those 
having  a  charge  less  than  2  should  occupy  only  the  Ba  sites.  Trivalent  impuri¬ 
ties  are  a  special  case  in  that  their  charge  is  intermediate  to  those  of  Ba+2 

4. 4} 

and  Ti  ,  and  their  site  preference  is  expected  to  depend  strongly  on  their 
ionic  radii.  The  trivalent  impurities  Al,  Sc,  Y,  La,  Nd,  Sm,  Dy,  Er,  and  Yb 
have  been  added  to  BaTiO-j  having  an  excess  of  either  BaO  or  Ti02/  and  the 
equilibrium  conductivity,  measured  as  a  function  of  the  oxygen  partial  pressure 
at  lOdO'C,  has  been  used  as  an  indication  of  the  site  occupation. 

2.  EXPERIMENTAL 

The  samples  were  prepared  by  the  liquid-mix  process2,21.  1200  atomic  ppm  of 
each  impurity  was  added  to  solutions  having  Ba/Ti  ratios  of  0.99,  1.00,  and 
1.01.  The  electrical  conductivity  was  measured  on  sintered  bars  by  a  standard 
dc,  4-point  technique2*. 

3.  RESULTS 

Trivalent  impurities  substituted  for  Ba  behave  as  donors,  while  those  sub¬ 
stituted  for  Ti  behave  as  acceptors.  The  two  situations  lead  to  distinctly 
different  dependences  of  the  equilibrium  conductivity  on  the  oxygen  partial 
pressure.  By  comparison  of  the  experimental  results  with  theoretical  curves 
calculated  for  occupation  cf  both  sites  in  different  ratios,  it  is  possible  to 
obtain  quantitative  information  on  the  amount  of  impurity  cn  each  site. 

The  smallest  impurities,  Al,  Sc,  and  Yb,  show  strong  acceptor-doped  behavior, 
indicating  a  pronounced  preference  for  the  Ti  site.  The  largest  impurities. 

La  and  Nd,  appear  to  occupy  only  the  3a  sites.  Between  these  sizes,  there  is  a 
steady  shift  from  Ba  sites  to  Ti  sites  with  decreasing  ionic  radius  of  the  im¬ 
purity.  The  Ba/Ti  ratio  has  the  greatest  effect  on  Y  and  Er,  which  give  pre¬ 
dominantly  donor  behavior  in  the  presence  of  excess  Ti,  and  acceptor  behavior 
in  the  presence  of  excess  Ba.  These  two  impurities,  with  nearly  identical 
ionic  radii,  can  occupy  either  site  with  almost  equal  ease,  and  represent  the 
transitional  cases. 
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4.  CONCLUSIONS 

The  experimental  results  are  in  general  agreement  with  theoretical  calcula¬ 
tions  of  site  preferences^1,  except  that  there  is  less  tendency  tnan  predicted 
for  equal  occupation  of  both  sites  to  achieve  sel f-cor.pensation.  The  two 
transitional  impurities,  Y  and  Er,  can  give  either  semiconducting  or  insulating 
BaTiO^  at  room  temperature,  depending  on  very  small  differences  in  the  Ba/Ti 
ratio. 
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LINE -FOCUS -BEAM  ACOUSTIC  MICROSCOPE  SYSTEM  FOk  V  'NL'ESTkUCT  TV  E  EVALUATION  OF 
ACOUSTIC  INHOMOGENEITY  ON  FZT  WAFERS  FOR  SAW  DEVICES 

N.  CHUBACHI  and  J.  KUSHIBIKI 

Department  of  Electrical  Engineering,  Faculty  of  Engineer  1119  * 

Tohoku  University,  Sendai  980,  Japan 

ABSTRACT:  The  1 ine-f ocus-beam  acoustic  microscope  system  has  Deen  aeveioDed 
which  can  inspect  elastic  properties  of  materials  over  an  area  of  55mm  x  55mm 
with  a  measurement  accuracy  better  than  ♦0.03%  in  velocity  measurements.  The 
evaluation  of  acoustic  mhomogene 1 ty  on  PZT  ceramic  wafers  for  SAW  devices  has 
been  made  successfully  with  this  system.  Large  variations  in  SAW  velocity 
have  been  detected  on  a  wafer  sample  and  also  among  wafers. 

1 .  INTRODUCTION 

Recently,  the  novel  material  characterization  method  has  been  established 
by  means  of  a  line-f ocus-beam  acoustic  microscope1  * .  The  method  can  be  used 
to  determine  acoustic  properties  of  materials  quantitatively,  viz.,  velocity 
and  attenuation  of  leaky  surface  acoustic  waves  (SAWs)  propagating  along  the 
boundary  between  a  sample  and  a  reference  liquid  of  distilled  water.  The 
measurements  are  made  nondestructi vely  through  the  V(z)  curve  analysis.  The 
accuracy  is  so  high  that  the  system  can  be  employed  to  detect  a  small  change 
of  elastic  properties  of  materials. 

In  this  paper,  the  construction  and  reliability  of  the  system  of  line- 
focus-beam  acoustic  microscope  :s  described  that  can  measure  the  two- 
dimensional  velocity  variation  on  a  material  surface.  Experiments  are 
demonstrated  for  PZT  ceramics,  using  an  acoustic  line -focus -beam  sapphire  ier.s 
at  225  MHz.  The  acoustic  inhomogenei ty  on  wafers  detected  by  this  system  is 
discussed  being  compared  with  the  variation  of  SAW  device  characteristics. 

2.  SYSTEM 

Fig.  1  shows  a  block  diagram  of  tne  system,  which  can  be  applied  to  acous¬ 
tic  inhomogeneity  mapping  on  materials.  The  system  consists  of  four  mam 
parts:  1)  an  acoustic  probe,  2)  a  pulse  mode  measurement  system  of  transmit¬ 
ting  and  receiving  electrical  signals,  3)  a  mechanical  system  of  alignment  ar.c 
movement  to  record  V(z)  curves,  and  a  computer  for  controlling  tne  system 
and  for  processing  the  recorded  curves.  V(zj  curves  are  recorded  into  a  wave- 
memonzer  synchronized  with  the  translation  of  sample  driven  by  a  steppina- 
motor ,  and  then  they  are  processed  by  a  computer.  The  temperature  of  water 
and  the  acoustic  frequency  are  also  measured  and  recorded.  Using  a  set  of 
tnese  data  (V(z)  curves,  temperature,  and  frequency),  propagation  properties 
of  leaky  SAWs  are  precisely  determined. 

-n  order  to  check  the  reliability  of  the  measurement,  the  system  is  applied 

^83 sur ®  the  velocity  for  a  { '  1  '  )  G  G  G  wafer,  w n  1  c h  is  a  tvoical  s  1  nc  1 0  c^vs- 
ta*  without  defects.  It  is  rcr.firmed  that  the  relative  velocity  resolution  .  s 
oetter  than  iO.0^%  and  the  system  error  for  two-dimensional  scanning  is  within 
;0.03%  over  an  area  cf  5  5 mm  X  3  5m .r. 
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The  impedance  at  the  resonant  frequency  of  samples  was  110  ;:.ii  at  sample! A)  and 
tSnfr  at  sample  t.  s )  respective;;..  Tnese  re:-ii:  -ee:  t-  indicate  that  tr.e  recict- 
i v i t y  oi  the  tacit  cemi  emu  i tti ve  tera~.it  t*ra ir.r  f  carple(P)  ia  evidently  I.wcr 
than  that  of  samrle'A).  The.,/  of  tctij  samples  were  almost  the  care  valuer. 

Figure- 1  z'r.2\:z  a  I-V  caract  rri :  t  i  tr  of  rn-rlf fi  and  (?'.  The  1-7  ~  .  rve  of 
both  samples  is  almost  the  same  line  in  tr.e  region  below  iCCr.A.  However,  1-7 
curve  of  sample (3)  snowed  a  more  sharp  uprised  line  compared  with  that  of  sample 
\ A } .  curge  absorption  Capabilities  of  sample' A)  and  sample! rj  were  examined  recr- 
ectively  when  various  high  irsuise  voltage  (2 /20ms  in  width)  were  supplied  tc  the 
samples.  The  results  are  shown  in  figure-2.  When  the  impulse  voltage  cf  S-COCV  was 
supplied  tc  samples,  the  depressed  voltage  was  3iOV  at  sample(A)  or  280V  at  samp- 
le(B),  respectively.  The  surge  absorption  capaciiity  of  samplc(B)  was  higher  at 
a  supplied  surge  voltage  above  1000V  than  that  of  sampled).  As  a  consequent, 
this  difference  of  surge  absorption  capabilities  between  sample{A)  and  sanple(B) 
is  originated  from  the  resistance  of  the  semi  conduct! ve  ceramic  grains. 
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AI.STRACT  :  A  new  -cmivonduct  ing  “icchanism  of  l.a-Joped  ha  rmn  titanate  on  firing 
was  proposed.  The  relation  between  the  degree  of  dissolution  of  La  into  host 
and  resisitvity  as  a  function  of  firing  temperature  in  the  doped  materials  was 
examined  to  check  reliability  of  the  reported  semiconducting  mechanism  in  which 
electrons  forms  directly  to  compensate  plus  charge  of  L a ^ ^  The  variation 

ul  lesisitinty  with  To,  at  elevated  tea.  pe natures  -as  successfully  interpreted 
in  terms  of  the  new  mechanism. 

1. INTRODUCTION 

One  often  add  intentionally  aliovalent  impurities  into  ceramics  for 
controlling  their  s in t er ab l 1 i t v  and  properties  through  variation  of  levels 
of  point  defects,  electrons  and  holes  Or  a  of  the  -ist  .mpoi  ta.-.t  defect  eqmlibr  a 
in  these  doped  materials  is  on  a  controlling  valencv  mechanism,  he  have 
proposed  a  new  semiconducting  mechanism  of  rare  -  earth -doped  barium  titanate 
on  firing  at  elevated  temperaturii '^Hidh  is  different  from  the  interpretation 
in  terms  of  such  a  controlling  valency  mechanism.  The  present  study  relates 
to  the  interpretation  of  the  variation  in  resisitivity  as  a  function  of  To, 
along  with  the  new  mechanism. 

I. EXPERIMENTS 

la-dopeu  barium  titanate  of  compos  it  ion ,  "Sa^  o^ao  1~‘~5  15"  uas  prepared  bv 
firing  at  genperatures  .050  1  3 S 0  °C  and  then  quenching  down  to  room  temperature. 
The  electrical  conduct  ivity ,  ex.  and  lattice  constant  as  a  function  of  firing 
temperature  were  determined.  The  observed  and  calculated  densities  cn  a  basis 
of  two  different  ideas  were  determined  as  a  function  of  ?o.  at  the  t  me  of 
firing  at  1200  °C  in  an  effort  to  decide  the  defect  structure  of  the  doped 
materials. 

5. RESULTS  and  DISCUSSION 

Fig.l  shows  lattice  constant  of  undoped  and  doped  barium  titanates 
which  were  prepared  by  quenching  from  the  indicated  temperatures  down  to  R.T. 
This  indicates  La  dissolution  into  host  to  occur  tor  geteiy  at  least  at  1030  'C.  Fig.  2 
3,iO'.. s  at  R.T.  as  a  function  of  firing  temperature  for  these  quenched 
specimens.  This  shows  that  tne  semiconduction  was  achieved  on  tiring  at 
temperatures  above—  1  2  50  °C.  These  two  data  mav  ruie  cut  the  reported 
semiconducting  mechanism  of  La-doped  materials  m  which  electrons  forms 
directly  to  compensate  plus  charge  arising  from  Laga  . 

It  is  widely  known  that  o-  in  the  doped  n-tvpe  semiconductor  decreases 
with  increasing  Po,  at  elevated  temperatures.  This  behavior  has  been 
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of  thermal  formation 
wi  ».  *  !  i  .< "  i  it i  o  ,  ,  i  n  which  t  he  level 
comp  cii  s.i  1 1  ng  plus  charge  ,  La^a 
remain  constant  over  a  range 
of  I’o ,  considered.  The 
appropriate  way  to  decide  the 
true  defect  structure  controlling 
the  variation  in  CK  may  he  to 
determine  densities  directly  to 
compare  with  densities  calculated 
on  a  basis  of  the  forgoing  two 
different  ideas.  The  density 
measurements  were  carried  out 
with  specimens  prepared  by  firing 
at  lddh  °C  at  various  To^  and 
then  quenching  down  to  room 
temperature  with  maintaining 
the  Po,,  The  results  show  in 
Fig. 3,  indicating  our  model  to 
be  plausible. 


toward  "electronic  compensation  in  lo»er 
ghcr  i'o  , .  According  to  our  model,  on  the 
doped  material  can  he  explained  by  further 
of  oxygen  vacancies  plus  electrons  with 
s  of  cation  vacancies  formed  for 
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Fig.  1.  Lattice  constant  as  a  function  of  firing 
temperature  for  BaTiO,  and  doped  specimen  of 
conposition"Bar.  -La,,  friO,  quenched  from 
the  indicated  temperatures: 
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Fig. 2.  Electrical  conductivity  as  a  function  Fig. 3.  Observed!  •  )  and  calculated  densitie 


of  firing  temperature  for  BaTiO.  and  doped  f — i  as  a  function  of  Po„  a:  the  time  of 

specimens  of  composition"Ba„  qLi0  .TiO.  ",  firing  two  different  calculated  densities 

quenched  from  the  indicated ’ temperatures?  relate  to  a  model  oased  on  transition 

from  1  electronic  compensation"  to  ' ionic 
compensat ion" tapper  line  I  and  our  model 
(  lower  line). 
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DETERMINATION  OF  A  COMPOSITIONAL  FLUCTUATION  IN  PE  ROVE?' I  TO  TEFNAPY  S  VETER'S 
K .  KAKEGAWA ,  and  Y.  SASAKI 

Faculty  of  Engineering,  Chiba  University,  Chiba,  Japan 

ABSTRACT;  It  was  developed  to  determine  a  region  of  a  compositional  fluctuation 
in  perovskite  ternary  solid  solution  systems,  rb  ( v  , M.T  ^ )  0 ^-phZrO-.-PbTiO.,  .  Tne 
compositional  fluctuation  in  the  ternary  systems  extends  two-d imensicnal ly . 

Such  a  compositional  fluctuation  was  determined  from  isoplethic  curves  of 
lattice  spacings  and  fluctuations  of  lattice  spacings  in  the  ternary  system. 

1.  INTRODUCTION 

The  authors  have  reported  methods  to  determine  a  compositional  fluctuation 

1  j  *> ) 

in  perovskite  solid  solutions  of  types  of  A(BT,BT  )0n  ,  ( A_  ,  at  _ )  BO ..  ,  and 

3)  "  *  I---'  i  - 1  -> 

(A_ , Ajj) (Bj , Bji) .  It  was  revealed  that  solid  solutions  tend  to  have 

compositional  fluctuations.  If  a  solid  solution  has  a  composi  ional 
fluctuation,  many  properties  are  affected.  The  compositional  fluctuations  can 
have  merit  in  some  cases  and  demerit  in  other  cases.  Anyway  it  is  important  to 
grasp  the  composi tiona 1  fluctuation. 

Ternary  solid  solutions  of  Pb (Mj , ) Oj-PbZrO^-PbTiO^  systems  are  useful 
because  the  morphotropic  phase  boundary  of  them,  whose  compositions  have 
excellent  electrical  properties,  exists  along  a  line  in  a  ternary  phase  diagram. 
Properties  of  solid  solutions  are  largely  varied  by  a  way  how  the  composi tiona 1 
fluctuation  extends.  Thus  far  there  were  no  methods  to  determine  the 
compositional  fluctuation  in  the  ternary  systems.  In  this  study,  a  method  was 
developed  to  estimate  such  a  two-cimer.siona  1  region  of  the  compositional 
f luctuation . 

2.  THEORY 

A  fluctuation  of  lattice  spacing  can  be  determined  by  widths  of  X-ray 
diffraction  (XRD)  peak.  For  two-component  systems,  the  fluctuation  of  lattice 
spacing  corresponds  directly  to  the  compositional  fluctuation  as  shown  in  Fig. 

1.  On  the  contrary,  for  the  ternary  systems  the  composi tional  fluctuation  range 
can  not  be  determined  completely  from  the  fluctuation  of  a  lattice  spacing.  A 
schematic  diagram  of  isopleth  of  a  certain  lattice  plane  is  shown  in  Fig.  2. 

Now  we  consider  that  the  lattice  fluctuation  range  is  estimated  to  be  from  d,  to 
d^  by  the  XRD  measurement.  Such  a  fluctuation  of  the  lattice  spacing  can  occur 
in  either  a  case  of  (a)  or  (b)  shown  m  Fig.  2.  Only  information  which  the 
measured  fluctuation  range  of  lattice  spacing  means  is  that  the  compositional 
fluctuation  occurs  within  the  area  indicated  by  shaded  region  in  this  figure. 

If  the  possible  compositional  fluctuation  region  expected  from  another 
plane  is  as  indicated  ir.  Fig.  1,  a  possible  compositional  fluctuation  range  must 
be  restricted  within,  the  common  shaded  area  i n  Fig.  2  and  Fig.  3.  Furthermore 
if  fluctuations  of  various  lattice  planes  are  measured,  the  con-.cn  area  will  be 
more  restricted  and  it  will  approach  the  true  composi tio.nal  fluctuation  area. 
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PbO,  MgO,  Nb^Q-  ,  ZrCn,  and  T 1 0  were  blended  in  iesirei  ratios  and  n;xe  i 
thoroughly  in  an  agate  mortar  with  a  pestle.  The  mixed  oxides  were  pressed  i.nti 
powder  compacts  and  tired  at  1 2  0  0  °  C  for  Ih,  resulting  in  solid  solutions  of 
Pb (Mg^  ,  3?a?/3) O^-PbZrO^-PbTiC  ,  system  (PN'TCT).  Lattice  constants  of  materials 
having  tetragonal  symmetry  were  measured  bv  XRD.  The  value  ot  2,  which  is  a  net 
•width  of  XFD  peak  due  to  a  sample  itself,  was  calculated  ty  subtracting  tre 
effect  of  doublet  of  characteristic  X-ray  and  the  resolution  of  the  apparatus 
from  the  measured  value,  using  Si  as  a  standard, 

4  .  RASULTS  AND  DISCUSSION 

The  relations  between  lattice  constants  and  compositions  are  shown  m  rig . 

4  and  5,  using  isopiethic  curves.  Lattice  spaemgs  of  1111),  !  1 2  2 )  ,  and  '1^2' 
were  calculated  from  the  lattice  constants,  and  equal  lattice  spacing  lines  wer-s 
drawn  m  the  ternary  system  diagrams. 

Fluctuation  ranges  of  lattice  spacing  of  (001),  '100),  (111),  (102),  and 


(103)  of  the  PMTZT  (Pb{ (Mg 


1/ 


i’ra2/31O.2tJr0. 


L _  _)_  q'.O^)  were  determined  from 
0  •  7  0  .  o  J 


the  plots  of  BcosQ  and  sinO .  Using  these  values  and  the  diagrams  of  equal 
lattice  spacing  lines,  the  limits  of  the  compositional  fluctuation  were 
estimated  and  are  shown  in  Fig.  6.  The  compositional  fluctuation  region  is 
concluded  to  be  the  area  illustrated  by  solid  line,  namely,  ellipse. 
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INTRODUCTION:  An  upset  technology  is  in  the 
making  for  the  fabrication  of  dielectric  tliin-films 
by  polymeric  sol-gel  processing.  This  novel  pro¬ 
cessing  route  avoids  powder  (and  attendent  prob¬ 
lems),  and  produces  films  of  ey.ceptional  quality 
at  relatively  low  temperatures.  The  present  study 
reports  on  recent  measurements  on  ferroelectric 
and  dielectric  properties. 
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SUMMARY:  Dielectric  thm-films  of  PbTi03 

based  materials  were  prepared  by  the  spin-casting 
of  a  Pb,  Ti-methoxyethoxide  solution  onto  plat¬ 
inum,  silicon  and  a  variety  of  substrate  materials. 
The  resulting  gel  layers  dsnsified  at  relatively  low 
temperatures  f<250°C)  with  crystallization  to  the 
perovskite  phase  at  45Q-700°C,  Depending  upon 
composition.  The  films  were  transparent  and  had 
electric  strengths  in  excess  of  lOOV/pm.  Ferro¬ 
electric  hysteresis  loops  were  obtained  for  1pm 
layers  with  gram  sizes  of  0.1pm.  PZT  53/47  had 
Pfl  =  32.5pC/cm2,  with  E^=30kV/cm:  and  the  rel¬ 
ative  permittivity  of  PLz.T  10/65/35  was  1700. 
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PREPARATION  AND  PROPERTIES  OF 
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COMPOUND  REQUIREMENTS 

1.  Thermally  decompose  without  melting  or  evaporating  to 
GIVE  THE  METAL  OR  METal  OXIDE  PLUS  VOLATILE  SPECIES 

2.  High  metal  content 

3.  High  solubility  in  common  solvents 

M.  Stable  unoer  ambient  conditions 

5.  Compatible  with  other  compounds  in  the  formulation 

6.  Cost  effective  to  produce  and  handle 
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Fabrication  ol  Gram-Oriented 
KSr.Nb.O  ,5  Ceramics 
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Obiectives 

1.  To  prepare  needle-Hke  powder  particles  In 
alkali-alkaline  earth  nlotoaie  systems,  AB,Nb,0,,. 

2.  To  study  the  relation  between  direction  ol  needle 
and  crystal  axis. 

3.  To  prepare  grain-oriented  ceramics  by  normal 
sintering. 


Powder  Preparation 
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Ftg  1.  Effect  of  molten  salt  on  the  particle  shape 
of  KSrjNpjO,!-  Molten  KCl  is  necessary  to 
prepare  needle-like  particles. 
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Forming  and  Sintering 


It  I  o«^t«  I  l  C«*o  I 


Fig  5  x-ray  fllllf action  Dallam*  ol  (A)  green 

comoact  and  (B)  equlaied  powder  The  mienjinea 
ol  (ha  0 }  line*  are  higher  m  ihe  grean  compact, 
indicating  orlenialion  ol  ciy«i*l  tail. 
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Fig  6  SEM's  of  the  sintered  compact.  Grains  are 
rod-shaped  and  rod  axes  are  aligned  parallel  to 
the  extrusion  direction. 


Fig.  7.  X-ray  diffraction  patterns  of  a  sintered 
compact.  The  intensities  of  (h*0)  lines  increase 
Oy  sintering  (A).  Only  (001)  lines  are  ooserved 
m  the  plane  perpendicular  io  me  extrusion 
direction  (B). 

These  results  indicate  that  c-axis  (polar  axis) 
is  parallel  to  me  needle  axis. 


Conclusions 

1.  Small  needle-like  particles  with  large  aspect  ratio 
are  obtained  in  the  system  KSrjNb50,j. 

2.  The  needle  axis  is  parallel  to  c-axis,  which  is 

the  polar  axis. 

3.  Grain-oriented  ceramics  are  obtained  by  extrusion 

forming  and  normal  sintering. 
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We  previously  reported  on  the  powder  properties,  sin¬ 
tering  properties  and  electrical  properties  of  Barium 
Titanate  powder  obtained  by  hydrothermal  synthesis.  This 
powder  was  easily  sinterable;  its  particles  are  spherical 
in  shape,  uniform  in  size  (O.lum)  and  sinterable  at  1,200‘C. 

In  this  study,  examined  were  the  sinterinq  and  elec¬ 
trical  properties  of  Barium  Titanate  powder  with  an  addi¬ 
tive  for  low  firing  temperature.  Comparisons  were  made 
among  three  powder  production  methods,  i.e.  the  hydrothermal 
synthesis  method,  the  oxalate  method  and  the  calcination 
method,  and  among  various  additives  for  low  firing  tempera¬ 
ture.  As  a  result,  it  was  found  that  the  hydrothermal 
synthesis  method  provides  the  most  excellent  sintering 
and  electrical  properties  for  Barium  Tintanate  powder  with 
an  additive  for  low  firinq  temperature.  The  sample  powder 
with  one  of  the  tested  additives,  in  particular,  was  found 
to  sinter  at  1,000°C  when  added  even  in  a  very  small  amount 
(0.5  -vl.O  mole!)  and  therefore  maintain  an  excellent  elec¬ 
trical  properties.  It  can  be  expected  that  the  use  of 
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Barium  Titanate  produced  by  the  hydrothermal  synthesis 
method  and  tliis  additive  in  combination  will  contribute  to 
the  cost  reduction  Cor  multilayer  capacitors  because  it 
raises  the  ratio  of  Aq  content  of  Pd-Ag  alloy  used  in  the 
internal  electrode. 

In  addition,  it  was  found  that  when  some  additives 
are  used,  an  unique  sintered  product  maintaining  a  cubic 
system  is  obtained. 

1.  Introduction 

The  authors  previously  suggested  that  Barium  Titanate 
produced  by  the  hydrothermal  synthesis  method  not  only 
satisfies  the  requirements  of  ceramic  production,  i.e. 
"fine",  "sphericaL” ,  "uniform",  and  "hiqhly  pure",  but  also 
possesses  excellent  packing  property  and  low  temperature 
sinterability . 

It  is  already  known  well  that  sintering  temperature 
of  Barium  Titanate  can  be  reduced  also  by  adding  glassy 
materials  having  a  low  melting  point.  It  is  expected  that 
sintering  temperature  will  be  further  reduced  by  adding 
such  an  additive  for  low  firing  temperature  to  easily  sin- 
terable  Barium  Titanate  obtained  by  the  hydrothermal  syn¬ 
thesis  method.  It  is  also  expected  that  the  amount  of 
additives  will  decrease.  Based  cn  this  expectation,  the 
authors  made  measurements  of  the  sintering  and  electrical 
properties  of  Barium  Titanate  powders  produced  by  the  hy¬ 
drothermal  synthesis  method,  the  oxalate  method,  and  the 
calcination  method,  respectively,  with  an  additive  for 
low  firing  temperature,  after  which  they  were  compared  with 
each  other. 
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sintered  at  1,(.HMS°C  and  *'xh  i  hi  t  rd  sint-erin*.:  density  >*f  v  .  I 
q/iul  ;  U"~  sintered  product  from  thin  mix*  -t-  ur-med  ex¬ 

cellent  electrical  properties,  i.e.  its  relative  perni  tti  v«'ty 
(at  20°)  ,  dielectric  less,  Curie  t cmp'.'i  ntui  e ,  and  relative 
permittivity  (at  the  Curie  temperature)  were  2817.  1,4*, 

122°C,  and  3783,  respectively. 

In  addition,  it  was  found  that  an  unique  sintered 
product  having  a  cubic  systemwhich  cannot  be  obtained  from 
Barium  Titanate  produced  by  either  the  calcination  method 
or  the  oxalate  method,  can  be  obtained  by  using  another 
additive  (Additive  B,  C,  or  D) . 

Experimental  Methods  and  Materials 

2 . 1  Samples 

The  following  3  Barium  Titanate  powders  were  used  as 
samples : 

(a)  Barium  Titanate  powder  (Ba/Ti  ratio  =1.01)  produced  by 
the  hydrothermal  synthesis  method 

(b)  Barium  "^itanate  powder  (l.lum  in  mean  particle  size) 
produced  by  the  calcination  method 

(c)  Commercially  available  Barium  Titanate  powder  produced 
by  the  oxalate  method 

The  Ba/Ti  ratios  and  impurity  contents  of  these  powders 
were  determined  by  fluorescent  X-ray  analysis  and  chemical 
analysis,  respectively. 

2.2  Additives 

The  5  additives  shown  in  Table  1  were  each  added  to 
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each  powder  sample  in  a  specified  amount.  Mixing  was  car¬ 
ried  out  in  a  polyethylene  pot  containing  zirconia  balls 
and  acetone  overnight. 

2.3  Molding 

PVA  in  an  8wt%  aqueous  solution  was  added  in  a  0.8wt% 
ratio  to  each  powder  sample  supplemented  with  an  additive 
and  granulated  in  an  agate  mortar,  after  which  the  result¬ 
ing  granules  were  sieved  through  a  35-mesh  sieve.  2.2g  of 
the  sieved  qranules  were  then  placed  in  a  die  (20  mm<}>)  and 
pressed  under  lT/cmJ  pressure  for  1  minute,  yielding  a 
green  mold.  The  resulting  qreen  mold,  after  drying  at 
110  %  120°C  overnight,  was  subjected  to  measurements  of 
weight  and  dimension  to  determine  its  green  density. 

2.4  Sintering 

Each  resulting  green  mold  was  heated  at  a  temperature 
rise  rate  of  200°C/hr  and  maintained  at  a  specified  tem¬ 
perature  for  3  hours.  During  the  heating,  the  green  mold 
was  maintained  at  400°C  for  3  hours  to  burn  out  the  PVA. 
After  the  completion  of  the  firing,  each  fired  product 
was  cooled  down  to  a  temperature  reducing  rate  of  200  °C/hr , 
after  which  the  sintering  density  of  the  resulting  sintered 
pellet  was  determined  by  Archimedes's  method. 

2.5  Electrical  properties 

The  both  sides  of  each  sintered  pellet  was  polished 
to  a  thickness  of  approx.  1.0mm,  after  which  they  were 
coated  with  Ag  usinq  an  ion  coater  for  the  determination 
of  electrical  properties.  Curie  temperature  was  deter¬ 
mined  as  follows:  Each  sample  was  placed  in  a  chamber 
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adjusted  to  a  heating  rate  cf  0.5‘C/nun  and  subjected  to 
measurements  of  changes  in  capacitance  at  lK!!z  using  an 
LCR  meter  4  3  32A  (IIP).  Botli  relative  permittivity  and 
dielectric  loss  at  room  temperature  were  determined  at 
lKllz  using  an  LF  impedance  analyzer  4192A  (liP).  Resistiv¬ 
ity  was  measured  at  20°C  after  1  minute  of  application  at 
DC  25V  using  a  PA  meter/DC  voltage  source  4140R  (IIP)  . 

2.6  X-ray  diffraction  analysis 

Using  an  X-ray  diffraction  analyzer  RAD-II  (Rigaku 
Denki).  measurements  were  made  of  the  X-ray  diffraction 
of  each  Barium  Titanate  powder  and  of  each  sintered  pellet 
between  44°  and  46°  by  CuKn  radiation. 

2.7  Grain  size  determination 

The  natural  surface  and  if  necessary,  polished/thermal 
etched  surface  of  each  sintered  pellet  were  observed  by 
optical  microscopy  (magni  f  ica  tion  .-  *  1200)  and  scanning 

electron  microscopy  to  observe  its  grain. 

3.  Results  and  Discussion 

3.1  Powder  properties 

Table  2  shows  the  powder  properties  of  each  Barium 
Titanate  powder.  Figure  1  shows  the  TDM  micrographs  of 
the  powder  samples. 

As  shown  in  Table  2  and  Figure  1,  Barium  Titanate 
powder  produced  by  the  hydrothermal  synthesis  method  is 
the  most  excellent  among  the  three  powder  samples  in  par¬ 
ticle  shaoe  (spherical),  particle  size  (0.1cm),  and  parti¬ 
cle  size  distribution  (uniform).  There  is  no  significant 
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difference  among  the  three  in  purity;  because  the  hydro- 
thermal  synthesis  method  and  the  oxalate  method  are  both 


wet  reactions  and  the  calcination  method  uses  high-purity 
Barium  Carbonate  and  high-purity  Titanium  Dioxide  as  the 
starting  materials. 

3.2  Sintering  property 

Figures  2  n.  7  show  the  temperature  dependence  of  sin¬ 
tered  density  for  3  kind  of  BaTiOj  either  with  or  without 
an  additive.  As  shown  in  these  figures,  the  Barium  Titanate 
powder  produced  by  the  hydrothermal  synthesis  method  is  the 
most  easily  sinterable  independent  of  whether  or  not  an  ad¬ 
ditive  is  added;  its  sintering  temperature  is  100  ^  150°C 
and  150  n,  200°C  lower  than  that  of  the  Barium  Titanate  pow¬ 
der  produced  by  the  oxalate  method  and  that  of  the  powder 
produced  by  the  calcination  method,  respectively.  Based 
on  this  finding,  it  is  thought  that  the  low  temperature 
sinterability  of  the  main  raw  material  rather  than  the 
effect  of  additives  is  an  important  factor  for  low  tem¬ 
perature  firing. 

Additive  E  is  the  most  effective  additive  for  low 
firing  temperature,  but  its  requirement  for  significant 
amount  of  addition  has  an  adverse  effect  on  the  electrical 
property  of  the  sintered  product.  On  the  other  hand, 
Additive  A  makes  it  possible  to  perform  sintering  at 
1,000°C  even  it  is  added  in  a  small  amount,  thus  having  a 
less  effect  on  the  electrical  property  of  the  sintered 
product;  it  is  thought  of  as  the  most  excellent  additive 
for  low  firing  temperature. 
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3.  3  X-r.r.  wifiinct  i  ■  - :  i  .ii.a  iy  i  • 

!  j gores  8  11  shew  the  "ypicnl  X-ray  uiifi-K'ti;  n 

patterns  r>f  various  sintered  pellets  and  po.vdcir.  !!'.<■ 
Barium  Ti*.  .mate  powder  produced  by  the  hydro;  he;  m.il  syn¬ 
thesis  method  is  cubic,  while  the  Barium  Titanate  powder 
produced  cither  by  the  oxalate  method  or  by  the  calcina¬ 
tion  method  is  tetragonal  duo  to  calnation  in  the  prouuc- 
ticn  process.  The  X-ray  diffraction  pattern  of  the  sintered 
pellet  of  Barium  Titanate  powder  produced  by  either  the 
oxalate  method  or  the  calcination  method  shows  the  presence 
of  tetragonal  system  independent  of  additive  type  and  sin¬ 
tering  temperature.  On  the  other  hand,  the  Barium  Titanate 
powder  produced  by  the  hydrothermal  synthesis  method  ex¬ 
hibits  a  unique  sinterinq  behavior.  That  is,  when  it  is 
sintered  in  the  absence  of  an  additive,  it  changes  in 
crystal  system  to  tetragonal  at  approx.  900°C;  when  it  is 
sintered  in  the  presence  of  an  additive,  its  sintering 
behavior  depends  upon  additive  type,  i.e.,  it  changes  in 
crystal  system  to  tetragonal  in  the  presence  of  Additive  A 
or  E,  while  it  maintains  a  cubic  system  when  sintered  in 
the  presence  of  Auditive  B,  C  or  D. 

3.4  Electrical  properties 

Figure  12  showsthe  typical  temperature  dependence 
of  the  relative  permittivity  of  various  sintered  pellets. 
Table  3  shows  the  electrical  properties  of  various  sintered 
pellets  at  the  minimum  firing  temperature  for  sinter ina. 
Based  on  the  data  shown  in  these  figures  and  table,  Addi¬ 
tive  A  can  be  regarded  as  an  excellent  additive  for  lew 
firing  temperature.  In  addition,  this  additive  produces 


-15- 


little  shift  in  the  Curie  tenperature  of  the  sinterinq 
products;  it  is  therefore  conjectured  that  nearly  all 
components  of  this  additive  are  distributed  in  the  pram 
boundary  region. 

4.  Conclusions 

Powder  samples  prepared  by  adding  various  additives 
for  low  firing  temperature  to  Barium  Titanate  synthesized 
by  various  production  methods  were  subjected  to  sinterabi- 
litv  determination,  crystal  structure  analysis  for  sintered 
pellet  by  X-ray  diffraction,  and  electrical  property  de¬ 
termination,  after  which  they  were  compared  with  each 
other.  The  results  obtained  are  summarized  as  follows: 


(1)  The  Barium  Titanate  powder  produced  by  the  hydrothermal 
synthesis  method  was  found  to  be  more  easily  sinterable 
than  that  produced  by  oxalate  method  and  calcination 
method  even  if  additive  were  used. 

(2)  It  was  found  that  the  sinterability  of  Barium  Titanate 
was  the  most  important  factor  for  low  firing  temperature 
even  if  additives  were  used. 

(3)  Of  the  tested  additives  for  low  firing  temperature. 
Additive  A  proved  the  most  suitable  to  Barium  Titanate 
sintering  independent  of  production  method  type. 

(4)  It  was  found  that  when  some  additives  were  used,  a  sin¬ 
tered  pellet  maintaining  a  cubic  system  can  be  obtained 
from  Barium  Titanate  powder  produced  by  the  hydrothermal 
synthesis  method. 
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A  US  1  RACE :  Laser-enhnnced  cliemicai  etching  of 
PbTiOj,  PZT  oiid  (Nn-Zn)-f er r  1  te  ceramics  is 
reported.  Ihe  KUII  solution  ot  10  mol/1  Is 
suitable  for  the  laser  enhanced  inter¬ 
granular  etching  of  the  1’bTiO-j  and  PZT  with 
depth  etching  rate  higher  than  lOOgm/s  In 
the  initial  laser  irradiation  period  of  Ar+ 


laser  of  1  W. 


The  KUII  and  NaOII 


solutions  are  also  suitable  for  the  inter¬ 
granular  etching  of  (Hn-Zn)-f errlte.  Ihe 
ll3P04  solution  of  6  mol/1  is  suitable  for 
the  laser  enhanced  trens-granu iar  etching  uf 
(Mn-Zn)-f erri te  with  the  depth  etching  rate 
of  about  lOum/s  in  the  initial  irradiation 
period  of  an  Ar+  laser  of  1W. 
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rig. 11.  The  appsarances  ot  holes  of  laset  etched 
'Mn.ZnIFe  0^  ctrtmus  using  1W  incident  laser 
power.  Moles  processed  with  \  to  f.O*  exposure 
in  1*)  6wQi/l  NaOH  and  (b)  bmo  l/lH^PO^. 


Fiq.IS.  The  appearances  of  slots  of  laser  etched 
'  ,4n  .  Zn  >  F«  ,0 ^  ceramics.  Slots  made  with  1  to  10 
scannings'  jsin“5  incident  ias**r  pewe r  o?  iw  m 
Se»ol  '  l  NaOM  i  a  I  and  O.Sw  in  6  mol  .1  H^P?4  '  b  >  scanned 
a  t  b  m*ri  /  min.. 
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Intraaucticn  : 

Many  kinas  of  aielectric  materials  nave 
Dean  oevelooea  for  microwave  acal lcations. 
Among  tr.em.  tne  ccmoour.c  In  tne  t/stem 


’r-Ti-Sn-0,  ZrxT1ySn;0j  !x»y*z*  l).  Is 


known  to  nave  a  nign'aielectric  constant, 
a  low  aielectric  loss  ana  a  low  temoeratare 
coefficient  of  resonance  freauency. 

Tne  comoouna  nas  Dean  sintered  wltn  tne 
sintering  alas  like  ZnO.  NiO.  Fejt^  Ana  LajOj. 


ODjectives  : 

1)  Preoaratlon  of  monosizea  unagglomeratea 
sonerical  oarticles  Dy  control  lea 
nyarolysls  of  metal  alkoxiaes 

2)  Sintering  oenavaors  vltnout  aaanives 

3)  Dielectric  orooerties  (  £r.  0,  tf  )  of 
slnterea  ooaies  witnout  aaaitives 


Experimental 
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lirytno 


Calcination  ana  forming  forming 


Measurement  of  Properties 
{R.C..  tr.  0.  Tf  1 


Results 


Effect  of  Hyarolyjis  Conaitlcns  on  Portlcle  Size  cna 
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Table  1  Typical  composition  of  AljCNereen 
sheets 


Material 

weight  Darts 

Al,0i 

too 

Binder  (Pdy  Vyriil  Butyrold) 

6 

Plasticizer  (Butyl  Benzi 

3 

Dhthalate) 

Solvent  (Chlorinated  Hydrocarbon 

Prooer 

&  Alcolwl  Minture) 

Ouantily 

Table  2  Typical  composition  of  BaTiOjgreer 
sheets 

Material 

weight  oarts 

BaTiOi 

too 

6mder  (Poly  methyl  methacrilat) 

12  4 

PlastiaZBf  (Butyl  Benzjl 
ohihalatt) 

1.4 

Solvent  (Chlorinated  Hydrocarbon 

Prooer 

&  Keton  Mixture) 

Quantity 

First  Site  Second  Steo  Fn«l  SI|D  3*" 


Fia.1  Agglomerated  particle  size  of  Al,0> 
powder  in  slurry 

Aittomeriles  size  was  measured  br  SEW  on  slurry 
ssmoie  diluted  sod  cfrsoersed  with  solvent  end  28KHz 
uMresomc  weve  treatment 

New  edvenced  process  etltomerates  Ai,OiOowders 
were  ireduely  ouivenzed  dmint  Mixing.  end  the 
cerlictt  size  wes  Imely  reduced  to  primary  particles. 


First  Step  Second  Steo  Fnal  Step  J*m 

Fig  2  Agglomerated  r article  size  of 


BaTiOjPowder  in  slurry 
In  conventional  process,  agglomerated  Darticles  of 
barium  titanala  were  almost  not  Ouivenzed.  end 
agglomerated  08rhde  diameter  was  about  A  6"m 
On  ine  older  hsnd.  m  the  new  aovanced  Process. 


P 


J? 


agglomerated  particles  were  Pulverized  suhicientir. 
ana  me  diameler  became  under  1  0«m.  whicn  was 
nearly  edua!  to  primary  Particle  a.s.T.ater  o!  0  6»m 
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Omder  content  QwC'liX 
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0  5  10  15  20 

Afcglomef Bled  particle  diameter  dim) 

Fig.  4  Relationship  between  agglomerated 
particle  diameter  and  packing 
density  of  ACjOi  green  sheet 


Tim  smaller  the  atllomerates  diameter  the  huhfr  tlm 
pack  tn|  density  of  AhOjPowders  Particularly.  when 
attfomerates become  the  ortmary  Particle  Dackmg  density 
of  Al»Oi powder*  reaches  Urn  maximum  value  of  60  3vof.% 


“  10  t2  U  16  18  20 

Binder  content  U1M 

•  onttclf  t*»«TWtW 

Fig, 9  Relationship  between  binder  content 
and  packing  density  ot  BaTiOj  ereen 
sheet 

The  smaller  agglomerated  particle  diameter  and/or 
binder  content  was.  tire  higher  Packing  density 
ot  banum  Manate  oowdeis  became 
Particularly  when  agglomerated  Particle  diameter 
was  below  tem.  Backing  density  reached  the 
maximum  value  or  60  4vol94  at  the  binder 
content  ol  11  twt%. 


Theoretical 


Binder  content  12  1  wt% 


10  20 
Agglomerated  oartide  diameter  Cum) 

Fig. 7  Relationship  between  agglomerated 
particle  diameter  and  packing  density 
of  BaTiOj  green  sheet 

The  packinf  density  (P)  in  the  treen  sheet  is  calcinated 
in  accordance  with  exoression  (1).  when  ireen  sheet  density 
Of),  dielectric  Powder  density  (Pd)  and  we'?ht  component 
ratio  Xd  of  dielectric  powder  m  the  creen  sheet  are  measured 

P-pfXd/^f  .  U) 

When  aftlomerates  are  oufvenzed  tfie  packmt  density 
raduafly  increases,  and  reaches  the  saturation  value  of 
SO  4  vof%  when  the  size  of  the  ortmary  oartic'es  is 
attained.  Thts  value  is  almost  eQuai  to  the  cackmf  density 
cf  SO  45  voiH  calculated  wtth  monosized  powders  cast 
without  pressure 


'0  5  10  ’5  7^  26  20 

Binder  content  ■  *!  V 

*  *eiw*e» 'M  t'r'Tt*  tk*'**'** 

Fig. 10  Relationship  between  binder  con'en 
and  packing  density  of  ACjOj  green 
sheet 

The  smaller  th#  etiiomeraies  d‘amot*r  §n<j  n»  t»inoe' 
contents,  the  h|her  the  Dackmi  oensiiy  ol  A.tCyCo*Ce- 
Especially  when  binder  ccnte^'  *es  i8  wennrs 
packtnf  density  reaches  the  saturated  »e'ue  ol  60  3 
voi% 
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Fig  5  Packing  lorms  of  monosized  balls 


•  Ac©iomp*»t*d  ocwtide  d»am#!e< 


Fig. 12  Relationship  between  B.nder  content 
and  Porosity  of  A2.0>  Green  Sheet 


when  monosized  Powders  ere  Decked  without 
externa*  force  *«ke  doctor  bladm*  Process,  it  can 
be  presumed  that  ttie  mximum  coordination  number 
is  8 

Therefore.  theorehcally.  the  maximum  packer 
density  ol  monosized  Powders  m  green  sheets  is 
60  4  5voPk 

The  maximum  Decking  density  of  barium  titanate 
powders  which  was  obtained  m  tins  work  was 
nearly  eoual  to  this  theoretical  Decking  density  of 
monosized  Powders 


6mdtr  content  'wtV 

•A|HOm*fftfd  0«n«rl# 

rig  11  Rolationslno  between  binder  content 
and  oorosity  of  green  sneets 


Conclusions 

t  Clrafy  rf^nsify  is  lr»rg*iy  pt**-!**  bv  »h<» 

agglomerate  size 

2  Green  sheet  density  increases  with  the  decrease  of  the 
size  of  agglomerates.  and  reaches  the  saturation  value 
when  the  afOomente  s/ze  tGuais  the  primary  DarUda 
size 

3  Packing  density  m  the  irten  sheets  increases  at  decreasing 
agglomerate  size,  and  reaches  the  saturation  value  of  60  2 
vohi  of  AJ,Oi Powder  end  60  4  vo ft  ol  Ba7»0, powder  respe¬ 
ctively  the  size  of  agglomerates  reaches  the  primary  oarucie 
S'ze 

4  The  saturation  value  of  60  2  voTH  of  Al,Qj8nd  60  4  vof°6  of 
BaTrC,  powder  «  wp»  matched  mth  the  cackmt  density  of 
60  45  vof*  corresoondnf  to  •  cocrcination  number  0  for 
monosized  oarbdes  m  single  staffer  arrangement 

5  Esoeciaiy  mease  of  BaTiOi  green  sheet,  when  afflomerales 
afe  o ufvenzed  oackng  density  reaches  a  maximum  at  a 
definite  bnder  content  and  decreases  when  the  txnder 
content  deviates  from  this  level  either  downward  or  upward 

6  The  oacxmi  density  of  BaTiOi decrease  which  occurs  wr*en 

he  bmaer  content  m  the  *reen  snee’s  is  too  sme# 
is  assumed  to  derive  from  a  weake1-  bonding  force 
of  the  binder  which  incompletely  fills  mteroart»de 
voids 


a 


.Vti*n  binder  content  increased  porosity  of  green 

shw«t«s  decreased  imeariy 

The  bmder  content  at  wtuch  cofositv  reached 
fJ'.of'5*!  became  smaller  when  enumerated 
par?'c>e  rf'in# 'e*  became  sm*iiw' 

This  v.s'ue  was  *ne  same  ec  ’h*  c?men*  a* 
wh*ch  Iretn  density  reached  t*>e  maximum  vfliue 
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Table  1  Characteristic  of  BaTiOj  oowder' 


Item 

density 

soecific 

surface 

area 

Average 

particle 

Diameter 

Unit 

Bran’ 

m*/Q 

Aim 

aOSCr- 

vattort 

601 

2  52 

06 

Item 

Chemical  comoosition 

,B.TrilP42n|Nbi  Bi  |Coj  Si  jMn(  a^sT^Ni 

Unit 

obser-' 

vation 

i  % 

jainsiijiu  no  im|ho|oii|oii  o ci|o oijoosl o oi 

A.*  dielectric  material.  BiTOy  was  used  m  this  work 
"Table  \  svts  the  chemical  composition  ol  0aTO,  oowder 
Dielectric  green  sheets  were  produced  by  the  doctor  blade 
process  Samoies  y/er»  sintered  wr  the  range  70Q-t  3QOC 
n  itomosphert  The  pecking  density  (Po>  ol  the  preen  sheets 


was  calculated  by  tin  eouation  u>  '• 


Pc 


Pt  '« 

Pd 


HI 


Pp  Green  sheet  density 

Pd  .  Density  ol  d«f'*Ctric  powder 

Xd  .  Weigh  i  component  ratio  ot  dielectric  oowder 


Ftg.  1  Relationship  between  the  firing 
temperature  and  fired  density. 


»)  WMUDC  Density  increases  raotdly  and  exponentially 
Tne  ouen  oores  o<  a  sintered  body  vanish  at 
u»c  in  tne  green  sheets  is  (0  l  vol?i 

2)  llJO-iJWC  Density  sightly  increases  toward  the 
saturated  density 

31  UCO-iJIOC  .  bicreses  dnconitnuousiY  toward  the 
saturated  density 

4)  UlO'iJtQC  The  density  reaches  the  saturated  value  CO 
o  cm*  at  lliOC  and  dose  not  change  uo  to 
t?tOC 

The  density  decreases  raotdly  and  ooen  oores 
increases 


—  \  i » 
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Fig  2  Relationship  between  the  agglomerates  size 
of  BaTiOi  and  vanishing  temperature  of 
the  open  core  id  sintered  body 

The  smahor  ti agglomerates  size  is  the  lower  the  Immq 
temoerature  is  1  »«s  means  that  smterabifitv  *s  improved 
when  agglomerated  oarticies  are  pulverized 


hmmriti  ux»  <<>•) 


Fig  4  Relationship  between  the  agglomerate 

size  and  fired  density  whicn  was  tired  at 
ooen  core  vanishing  temperature. 

Th#  density  of  a  smt»red  body  increases  reoidiy  wnen 
agglomerated  aartt&et  ere  ouiver'Zed  <n  to  small  agpiomeraie 
*:za  and  at  the  oomary  otrboe  Oiameier  saturation  is 
carried  out  it  the  maximum  value  5  S  g/cm’ 


F,g  3  Relationship  between  the  paemng  oensnv 
and  fired  density  v.nen  was  fired  at  ooer 
pore  vanishing  teinpeiatuifc 

Circle  marks  ■»  the  figure  sf>own  the  oackmg  density 
ciianqed  by  Changing  the  amout  of  binder  using  green  Sheets 
which  agglomerated  oarticies  are  pulverized  mto  primary 
oarticies  Suffix  numbers  shown  the  amount  of  binder 
On  the  other  hand,  souare  marvs  shown  the  oackino  density 
ciM*hwed  or  Changing  aggiouniiai*  s.ze  ‘.».c  =•■ 

Dmoer  fixed  at  tf>*  vaiue  If  wt5i  Suffix  numbers  s!>own 
agglomerate  size 


CONCLUSIONS 

\  Th-  (wed  density  ol  BaliO,  v»'**  greatly  witf"  'we 
temperature  regions 

2.  When  the  agglomerated  size  «n  a  green  sheet  is  small, 
the  temperature  at  which  ooen  pores  vanish  is  tow 

3.  When  agglomerated  parties  are  d'soersed  mto  cartmary 
particles  th*  fired  density  of  BaTiC.  a*  "Ctmv;m 
temoerature  becomes  a  fixed  value  of  5i  g/cm 

A  This  value  dr®S  net  Change  when  the  amount  of  binder  m 
a  green  sheet  vanes  and  when  the  caching  density 
changes  from  4}-&0*r*1he  reason  is  that  the  packing 

density  becomes  the  same  value  of  60  4T»  alter  burning 
off  its  bmd?r 

5  i ho  fm«d  H«nsiiy  changes  as  esotomerate  si;?  change? 
Fnr  Stance  >\  becomes  M  o  m’  wh.n  »h«  aoo-merates 
size  of  Ba^Oi  is  U  »m  This  vatoe  becomes  5<  g/cm 
at  3  5  vm  and  5  8  g  em’  at  ?  >ni 

The  estimated  reason*  8fV  as  Mows  •  corescaus?d 
by  stenc  tvr>drance  among  egg'emorated  cartides  and 
cores  in  ago  operated  carttcies  afe  left  m  the  sintered  body 
at  the  temperature  that  ocen  pores  vanish. 
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AN  investigation  of  THE  LOW  VOLTAGE  failure  mechanism 
IN  MULTILATER  CERAMIC  CAPACITORS 


C.  John  Brannon  and  H.  U.  Anderson 
Oepartnent  of  Ceramic  Engineering 
University  of  Missouri-Rolla 
Roll*,  MO  65401 


This  nor*  sponsored  by 
the  Office  of  Naval  Research 


2.  CAVACiTOa  <ts  ta|»  i«m  (lilt  in  KImaw  Oi  PM  30  niMt/H  S 
•llo»i«c  me  m:na«o».  to  veNioAit  i*to  cutis  abo  open 


lOW-VOtYACt  F  A  1LURE  IN  tRUV  T  I  LATER  ClRAHtC  CAP  AC  I  TORS  IS 
MFlIltD  AS  INSULATION  RESISTANCE  FAILURE  OCCURRING  «n(N  Th( 
Cap  AC  I  TOM  IS  IJASfD  FA*  t(LO«  ITS  *AT||»  *olTa«E.  TtRICAL 
HAS  VOITA6CS  FOR  LOW-VOLTAGE  FAILURE  Alt  1  0*  2  VOUS.  T*0 

conditions  necessary  for  low-voliage  failure  a*(  ini  freunci 

OF  NOI STURE  ANB  THE  Cl t STANCE  Of  STRUCTURAL  OfFECTl  SUC*  AJ 
CtACH  0*  VOIDS  CITE  HO  INC  VRO*  TN|  SURFACE  OF  TNt  CAPACITOR 
TNROUCM  at  hast  TWO  ELECTRODE  LAYERS.  WaEN  CLOSED  TO  A 
RICN  HAS.  CAR  ACT  TORS  ElMRlEMCIMq  LOw-*OLtACE  FAjLURE  T(mO 
TO  RECOVER.  OR  REGAIN  TMClR  ORIGINAL  HI CM  |NSULAT|o« 
RESISTANCE  LtVEL.  CaFACMORS  NAY  ALSO  RECOVER  AFTER  A 
MODERATE  MEAT  TREATMENT . 
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PRESENCE  OF  ZrO; 

1)  RESIDES  AT  Grain  PO'JNCAI'3 

:i  surrncssES  grain  crcp.vth 
31  DErRESSCS  TETRACONAL  DIST'.m? 
RESULTING  IN  FLAT  DIELECTRIC 
CONSTANT  RESPONSE  ivi.'i  I 
TEMPERATURE  AND  LO-V  dosses 
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DUiUiCI  R»C  CONSTANT  AND  TAN  o 

ruouLii  as  a  ruNcnoN  oi; 

1  liMI'LUAI  UKt  I  OK  Cj  Al  Uwraie  MOUIIIED 

trriU3  sAMrui. 


dielectric  Constant  and  tan  o 

ruOHLC  COMPARING  OUome  anu  ZrOi 
MULMHEU  UaliO} 


£  5TTC  '?  *. 

-}  4000*  1  .*j  ««« 


i 
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-'Q 


■0 


DIELECTRIC  CONSTANT  AND  TAN  * 
CHANGES  WITH  TEMPERATURE  TOR 
fliiTiOT  SAMPLE  AND  CP.AlN  BOUNDARY 
ZnJ2  PHASE. 


I  *»•  I  >0  ,  •  •  0  -<  %  4 

) 


I  SOO'C 

*z  *ooot  o  i  j*r>*c 

Ti  I  .  1 3?  0"C 

2  I  *  «o-c 

O  4000* 


> 

I  V- 


'.JKl  !  Mt 


5  2000  YT".  —  ' - 


40  M  >20 

TEMPER»ruBE  cci 


Sl-w  mOIOMlCHC'CHAn  IS  COMI’AUINC 
MlCROSTRUCTUKES  l=OR  0iiTiO3  AND 
MODIFIED  WITH  1.0  WTT.  Z202(l3urc/2IIK). 


percent  capacitance  chance  with 

DC  Ul AS  FIELD  FOR  ErO:  MODIFIED  UiTiO-J  AT 
DIFFERENT  SINTERINC  TEMPERATURES. 
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Tcnvp«tohM«  «l  V/hlch  Mo<Wnum  Density 
AcKt«t«d  l*Cl 


..  «  m  m  mi  km  ms  «? 


slmmary 

ZROl  ADDED  TO  OB4O7  FLUXED  BaTiO^ 
(<  1  WT%)  PREFERENTIALLY  RESIDES 
AT  THE  GRAIN  BOUNDARIES.  THIS 
CONSTRAINS  DISCONTINUOUS  GRAIN 
GROWTH,  SO  THAT  POLARIZATION  IS 
ESSENTIALLY  CONTROLLED  BY  THE 
GRAIN  SIZE. 

OO  2AI2O3 0B2O3  ADDED  TO  BaTi03 
SUPPRESSES  GRAIN  GROWTH  AND 
THE  TETRAGONAL  TO  CUBIC 
TRANSITION,  GIVING  A  HIGH 
DIELECTRIC  CONSTANT  LOW  LOSS, 
AND  LOW  D.C.  SENSITIVITY.  THIS 
MAY  BE  PARTIALLY  ATTRIBUTED  TO 
THE  FINE  GRAIN  SIZE  (<  l|im) 
PRESENCE  OF  Al3+  IONS  IN  THE 
LATTICE. 

THE  ABOVE  GAVE  A  FLAT  DIELECTRIC 
CONSTANT/TEMPERATURE  PROFILE 
WITH  YSR  CHARACTERISTICS. 


cU-o<-  'A  a>i'r,0K  S-Tilutru-U  «.u/T-v 
6  it*  I* I  S'Z*  i  *<-1 -rj 


P'-OT  SHOWING  VARIATION  OF  GRAIN 
SIZE.  DELECTRtC  CONSTANT  AND 
maximum  DcNsiF. cation 

TEMPERATURE  WITH  Z.-O2  CONTENT. 
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Barium  Titanate-Based  Dielectric 
For  MLC's  With  High  K  and 
Low  Firing  Temperature 

I.  Burn  &  M.  T.  Secaur 

E  t.  Ou  Pont  de  Nemours  &  Co. 
Photosystems  and  Electronic  Products  Department 
Electronic  Materials  Division 


Low  Cost  Electrode  Technologies  For 
High  K  Dielectrics  (ZSU) 


Low  Fire  BaTiO]  Technology: 
Principles 


Qectrode 


•  Low-fired  BaTiO, 

•  Pb  Injection 

•  Base  Metal 


.>70%  Ag 

Pb 

Ht 


•  PbO-basad  Retailors  _>as%  Ag 

Effect  of  Glass  Addition  on  K 


sooo 

1000-10.000 

<000-10.000 

9000-15,000 


Influence  of  PbO  on  TCC  (BaTiO]) 
(Sintering  Temperature  1100°) 


•  Small  amount  ol  glass- forming  oxides 
(no  fluorides) 

•  A/B  Stoichiometry 

— ■  System  approach  (ceramic  •  llux) 
—  Grain  growth  control 


«  Fine  particle  tile  powders  (<  1  pm) 


BaTiOs  Particle  Sixa  Distribution 

«r 


QMfWMt  Cent** 


Dielectric  Tape  Formulation 


Binder  Mix  Formulation 


wt.  •; 

Du  Pont  5200 

Binder  Solution  28.3  (8.5%  resin) 


Monsanto  Santicirer  160  2.1  (2.1%  resin) 

(Butyl  Benzyl  Pmhaiate) 

1,1,1-Tnehloroetnen#  68.1 


10%  Hercules  Polypale 

Solution  in  Isopropsnol  1.50  (0.15%  resin) 
Total  100  0(10.75%  resin) 


Mill  Batch 

Ceramic  Powder  100 

Binder  Mix  65 


119 
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XL  103  Firing  Aging  Bale 

•  Baneout 

_  400‘C  (mm) 

—  750'C  (biague) 

•  Strutting 

—  1100*C  (2012**).  2  noun 

—  Sellers  (optional) 

—  Containers  (no  land) 


XL103  ZSU  Dielectric 
Electrical  Properties 

Riwg  Effective  1  VRMS  £C@*S’C  ft «C  A«C  *  "  '<* 

Tamp  CQ  K  %  OF  (%)  2V  IS'  »t*  (*n»nl 

(0.5  uf  2225  Sin  5  Active  Layers) 

4ioo  10.000  ioo%  -oi.i 

1060  1.700  120%  -551 

(0.17  uf  1201  Sin  10  Active  Layers) 

1100  10.000  120%  -5S.9 

1000  1.300  140%  -545 


TCC  XL  103 
K  •  10,000  £500 
TtmoeiMi.  f*Q 


e  50  v/AII,  15‘C/ISt  Ml.  1000  noun 
-  no  Ueiroqation  (5  layer  I209) 

frocturt  Touenneu 

•  *|t  *  #•* 


Summary 

Lew  fire  BeTiO^-Basvd  Dielectrics 

•  Law  PbQ  content 

(Sale  and  easy  to  process) 

•  Proven  reliability 

•  Preferred  lor  SMT 

•  Mow  available  witn  Compe titrve  K 


TgmparsHirg,  (*C) 


OF  v*.  Free ueney 
XL103  (IV/mil) 


11500 

2100 

XL103  Reliability 

10100 

2000 

owv 

>MC  V0  C/ mil 

10000 

1000 

10000 

1000 

Lilt  Ttst 

•  100  V/ma,  I5*C.  1000  noun 
—  QE/30  (s  layer  2225) 

—  Me  degisdeiien 


•  200  WmA  125*C.  24  hours 
—  OF/ca.  100  (5  layer  1201) 
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Pi  ECTRICAL  CONDUCTION 

IN  BaTi03-BASED£ERA!vllC 
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Region  2  lomcaily  induced  cm  rent 

2.  Role  ol  Grain  Boundaries 
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b  voltage  biased  impedance 
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la  lomcaily  induced  Elecuon  Cunenl 
Model 

6i*ciion  *"Ki  •  n  *  %  *  ' 


am  Jv 

. . 

cmttrt  we  D»  luiwtn™: 

A 

jv  •  ?afvo  >**•*>«  ■  n  ' 


Thu. 


Tint  *u*9<*l«*  *0  l^o  1 


U»#  *  *  %  ♦  21  vo  I  •  °o  "  ^0 

fi  -  n0  «M  •  i0 

,0  oman  '  »»o  HI1 '  yij  »  - 


P^qrtq«IK>t  fit  -  \S  * 

w’ 

•  *  •  T1<  •  ^ 

- — -  l*on' 

&y  *ontC  rT>oc,,h'v  *'  l,K*^  *  * 

Generic  Electron  Curten i  Curvp 

v*  „  *  ew,’-^| 

j  •  a*  w,  —  *  Q  *  2  * 


io—c»»»  W»« 


MC*9’Ovnd 


0*  —  0*  *  V,’ 

20*  —  0,1  *  <•' 


MM  •  * 
e«l<M*«  •  V 


£OB  •  l0,%‘  °*  c,ul,9#  *,r,v‘f19  *’  *noae  wr  **C 


°  2<j*  20*  '  2a*  ' 

,J0,,  •  Jv  i*  c'  bv  f'OOP^q  *  3 

‘o  '«** 

,  j 

^  .  m  wQs  .  ‘  e  ,  *  2t|v.  : — 

01  in"  'i0*  '  ® 


»K»w»v'«  ;  "we,‘ 


noi«  i  Cifiwi  i*1'0  *' 

pwo, oo.no  non  ».I0  .***!»»'  Ou'n  ,r 

*nfl  IwUl! 

I  wo*  "»*v  rt0’  •0U»  K 

pli*'  v »n*£XV i  M*ec**n.tms 

3  •«!  »'*  •'*<-  'C 

Cn#r>g#  evil*’ 


v».n«?w.w?afK 


»p»  W  tfw  i^i  ■  1P*»*WPW  *»H  »y  u  »w  -vmnp 

& 


& 

fc 


V 

i 

f. 
\ 
r  , 

r, 

E 


% 

* 


\  <»•  ••!<«•  /*U  '**  'M  • 


s  .'•  M'!*'0 


*  *f  .1.  *  ;icl"'A"f*»  e,‘*,9> 

!**.« 


L»iei"»*t  * 


i***,,  'J  "o  * 


f:0,  Me . es  t,-j  at  ,.„.,>catu->s  t,  T,  and 

voltages  ^  i .  ■  z 


*t« 


t2  * 


a»d 


1  n  .Liil  e*o 

*  T ) 

rJ 

C 

k  V  T ,  >  j  7  J 

Th»  IS  tire  same  as  H>e  empirical  result  reported  by 
Mmlord  (IEEE  Transactions  CHMT-S.  297.  1982) 


1b.  Experimental 

Region  V.  Background  current  rs  elecuonic. 
as  evioerrced  by  - 
•  |(!)  stable  over  tong  time  periods 
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•  Galvanic  voltages  o>e  ~*  zero 


•  Negative  stable  ii>eimoeieci"C  vrjiiaaes 

•  Evidence  ot  space  chaige  umiied  currents 
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Dark  colors  seen  m  reduced  regions  near 
cainode 


Evponennai  increase,  polaniy  reversal  eileci 

(tuF  25U  .  150*  s  U)0v) 


More  rap'd  degradation  tor  porous  >'”ck 

even  inougn  70, im  Muck  Accelerated  by  Humidity 

(Poros'iy  increases  w-kki^ 
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•  Conductivity  discontinuous  at  Cone  temperature 
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2b.  impedance  measurements  under  bias 

•  Varistor  *s  known  GB  controlled  device. 

(T  *  125*  :  biases  10.  11.25.  12.5.  13-75.  i5v| 


•  BaTi03  ceramic  shows  similar  reduction. 

(P ohslied  X7R  disc  .  1  -  0.21  n>m  :  T  »  -;50*C) 
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AUTOMOTIVE  APPLICATIONS 
INVOLVINC  AMBIENT  TEMPERATURE 
CIRCUIT  START-UP  CONDITIONS 
MAY  BE  A  HIGH  STRESS  MODE 
FOR  MULTILAYER  CAPACITORS 
USED  IN  CERTAIN  CIRCUIT  DES1CNS 
HIGH  PERMITTIVITY 

ferroelectric  multilayer  capacitors 
have  unique  properties 

OUE  TO  POLARIZATION  REVEkSAL 

operational  failure s 

a  ferroelectric  multilayer  capacitor  may 
be  under  more  stress  DURINC  typical 
circuit  OPERATION  than  DURINC  AN 
ACCELERATED  life  test. 

LOW  OR  ROOM  TEMPERATURE  START-UP  OF  A 
CIRCUIT.  WHERE  the  CAPACITORS  HAVE  a.C. 

or  pulse  drive,  may  be  the  worst-case 

TEST  FOR  AN  MLC. 

A  FERROELECTRIC  MLC  MAY  BE  MORE  LIKELY  TO 

fail  ih  operation  than  durinc  a  life 

TEST. 
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Calculated  intern*!  stress  distribution. 


5.  TAKAHASHl  et  al. 


PEAK  STRESS  LIMITS 

MULTILAYER  ACTUATOR  ANALYSIS  (TAKAHASHl): 
STRAIN  .  I8AO  HICROSTRAIN 
STRESS  -  1000  KG/M2 


AN  HLC  WITH  A  120'C  GRADIENT  FROM 
IIYSTERETIC  HEATING  WILL  REACH  A 
PEAK  STRESS  -  400  KG/M2. 

AND  MAY  ATTAIN  THIS  LEVEL 
IN  LESS  THAN  10  SECONDS. 


THE  THERMAL  EXPANSION  DIFFERENCE  BETWEEN : 

1.  ELECTRICALLY  HEATED  BODY 

2.  INACTIVE  ENDS 

WILL  CREATE  STRESSES  SIMILAR  TO  THOSE  IN 
PIEZOELECTRIC  ACTUATORS. 


SINCE  THE  HEATING  MECHANISMS  ARE  THE  DOMINANT 
DRIVE.  THE  PEAK  STRESSES  WILL  BE  DETERMINED  BY: 

1.  EQUILIBRIUM  TEMPERATURE 

(about  10-20*  above  Curie  Point) 

2.  THE  STARTING  TEMPERATURE. 


-  48  ~ 


Ordering 

Microchernical 

Ordering 


Second  Phases 
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PRECIPITATES  in  PmN- 
CONT  AIMING  2  MOL* 
EXCESS  MGO 


INTERGPANUL  aR  phase  rich 
IN  PHOSPHOROUS  ANO  lead  IN  PMN-A 
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POLY  crystalline  plmn 
-  cop  image  shows 

ORDERED  REGIONS  AND  APE'S 
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LOU  TEnPERHTURE  FIREO  flULTILRTER 

CERRniC  CAPACITORS  UITH  N|  CLECTROOES. 

H.KISH.  T.twon,  S.HJWI. 

H.CHRZONO  end  N.  YRMROKft 

7RIYO  njDCN  CO. ,LTO. 


OBSTRUCT :  Dielectric  materiils  based 
on  barium  1 1 tanaia  end  9  I  ess  components 
♦  or  multi  layer  careeic  cepecltors  with 
nickel  alactrodat  heve  been  developed. 

The  caremici  could  be  fired  et  temperatures 
less  then  1200  *C  in  cn  etmosphere  of  low 
oxygen  pertiel  pressure,  exhibited  high 
dielectric  constents  (Y5V: 10000—12000,  X7R 
: 2700-3300)  end  high  resistivity  ( above 
I0‘f  Ohm-Cm)  . 

The  multi leyer  chip  cepecltors  with  nickel 
electrodes  using  these  dielectric  metertels 
heve  good  ch*r ecter » st Ics . 


LAgumimiflt  mcumat 

ibJ  flppl  icat  ion  to  ffulti  layer  chip 
cepec 1  tors 

Nickel  mete)  powders  were  used  es  both  of 
interne)  end  tereioel  electrodes  u*iich 
were  co-f » red  in  the  firing  process  of 
ceramic  bod  1 e s . 

[  Ceramic  powder 

[  Slurry  j 

)  Doctor  b I ede  casting] 

[  Green  sheet  \ 

{Clectrode  printing  )  (Ni ) 

\  Lamination  { 

\  Cutting  ] 

f  Terminating  {  (Ni ) 

[  r  I  r  i  ng  ( N,  /H,  > 


Exr£*mHTm.,-rsfl£EBu*t 


fabrication  prorass  of  the  multi  1  eye' 
chip  cspecitors  with  N»  electorodes 
WCSULU 

U)  Dielectric  matenais 


J 


Is)  D*electr»c  materuls 
Compoe i t ion: 


Th*  rmm  t tMpariVurt  dtpa^avnct  ot 

tfitltcirte  comitni  c  *n  *»•  t>y 

us*  of  d**ign*tf  CQMpoi  i  t  t on  «*  t r>o*^  >n 

r ig  3  <  O . <b) . 


(b)  P^optrt itt  of  multilayer  chip  capacitor* 
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The  character  »*t  ic*  for  iwjltilayer  chip 
capacitor]  with  mcke<  electrode*  are 
shown  m  Table  t.  Thee*  capacitor*  are 
compact iy  designed  and  have  large 
capacitance  and  satisfy  CIR  standard 
spec  i  f  ic  at  *pn  . 

Tig. 8  show*  the  f reauency  dependence  o* 
impedance  of  the  present  capacitor*  m 
comparison  w*th  tantalum  electrolytic 

c  ap  ac i tor . 

rgpt epu i vi I ent  series  resistance)  >s  sma ' ' 

CONCLUSION 

(1)  Addition  of  glass  components 

was  found  to  markedly  increase  the 
resistivity  wren  the  ceramics  were 
fired  in  a  low  oxygen  atmosphere , 

(2)  The  multilayer  chip  capacitors 
with  Ni  electrodes  have  been 
developed  and  exhibited  high 
dielectric  constants. 

0  5v;  10033-12033  ,  X?R ; 2700-3333 i 
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BARIUM  TITANATE  CERAMICS  FOR  BASE  METAL 
MONOLITHIC  CERAMIC  CAPACITORS 

Y.  SAK.ABE,  H  TAKACI  »nd  K.  WAKINO 


RpjOfch  and  Development  Deperpnent  V, 
Murata  Mar.ulacoiring  Co.,  Ltd., 

2  26*10  Tanpn,  Nagaokekyo-sbi,  Kyoto  617.  Japan 


t.  aasTRaCT 

Ivmm  tttar*»T»  emtt «ci  tftcw  «er«m  SrO  CtO  end  iKJ-  •»*»*  r«ed 
<*n«e*  teeerU  low  eay*en  Mnm  B'tnutn  MM  the**  die*ectrie  tKOee*-Tt*t 
"»*» Th,  *«eiecv*ci  y*e«ded  •  h**n  dielectric  eo«WMi  lkM4  000' 
and  h*eh  retntwitv  (>  10“  H-cmi  mom  they  w«f •  'wed  ...in  »r  n<**t 
nec-toae  m  %  reoucm*  imwenr*  •<  UT“<  P«0.  ><  1  CP' MPa.  Tha  «.« i« 
tract  •*»  *<««•»•  for  leree  caoocuance  mononthec  cerente*  uotciiert  wuh 
nacfcct  tMCtfMM. 

1  experimental 

T  wo  <ntimc  meterteH  "X**  *n4  T  ■»*«  amwwl  hv  m*  wftHxneml 
ftowdw  iwwt,  "'A"  It  •  new  conioMKiM  «/x>  ’*S'*  V»  »  normal  on*. 

A;  tit*.  tTs*,*c*.„joil^;rn,M^/*„;o,  i  ♦  mat'ywno. 

«:  a.lTL,„2».„10, 

Th*  tart  U^«Hi  w**»  oreoer«d  in  dn*  lorm  (14  tmt h  m  diemem  b«  Vfi  mm 
tttack).  The  d'aci  w,m  and  wtthoyt  N i-oani  on  tha  fwrtace  w*»e  »m»#r*d  unow 
f<0  - 1  r*o*c i  •*  1*T;  W  1CT**MF».  An  ln-£a  alloy  war  aooned  •*  •  corutuetin* 
electrode  on  the  moored  drtfc.  Aatntonca  mm  meeawred  at  wyn  temoerarure 
on  a  madonna meter  at  500  V  6c  or  on  a  lawiann  meter  with  vow  »Wim. 
CAoecvtanc*  we*  «*•* weed  on  an  LP  n*pnUfltt  analyser  at  1  V  and  1  *Hc 

1  "I5ULTS 

*'V*r*  *  rhowr  me  ’rtiftnirv  at  roont  tnMontvn  *«  »m*e»i*w  P(0. ). 

The  "A"  6«*toc«r*t  ywided  b**n  mmrairy  I  >  1 0 1 :  T.  cm l  wt**n  F(0.)  wm 
Keener  man  3*  1(T“  MPa  At  PI0T I  lower  man  KT‘*  Mp*.  tn«  wnm«  wo** 
conaonyd  to  aantawn*  eemteonOucton.  Th*  maryma*  PtO: )  we*  dtu 
to  me  edwU.brwm  ona  tor  Ti.Q,  T.O.  1*.%,.  54  Iff"*  MPa  at  l300*Cj. 

The  dialectics  "J"  iiwnt  mowed  low  ro>n^m. 


P**Mrc  Z  mow*  the  oeoenoenc*  o i  tha  dielectric  coherent  on  the  unttrin* 
aonotoner*.  Tho  "A“  di#‘ec:ria  sintered  m  the  P*0;^  »»*»%•  o<  'CT“  to 
f0"‘  iMwo  a  eery  h*cn  drotactrtc  connant  ( 14  000 1  tnd  tow  dnuoation 
lacto*  C'  VS '“•I  At  m*  PtO.  1  raoioni  h>cn*r  than  1(7“*  MP>  m*  dielectric 
connant  ot  th*  Miriecrroowj  diie  decreased  with  merrMin*  P10.  i 

Th»  tquiiiaoum  P*0:l  to*  M»-N»0  at  13C0*C  >*  J y  10"* MP*  But  ev*n  ,n 
th#  I OnWr  P'O.  J  moron*  f  to  lO"1  MP*|  n*c« at  metal  on  rh*  d*ttnrt(>C  C*0>»n*cg 
*«  oartiatly  ot«itn  and  reacted  witn  ceram «ct  reaulttnc  m  a  deoradatmn  nt 
m*  otaiectrc  o»ooert tj  Ptrin*  atmotonera  (or  the  mckei  riec7ooa  monot<th«s 
carc*n<  cataociton  with  "A~  flietectf »ct  hki  to  oe  controlled  accuratetv  witftm 
the  P!0,l  rancee  of  10"'  to  10*',MP». 


LOG  P«0;  I  tntPaJ 

r5!®.  2  0*e*#c“.rtc  connant  of  the  "A’*  d«e*ocrrto 

itntet^J  w»th  »n«s  without  N*-oi*cTTtx>#  unotr 

rsrioui  PtC, )  40ho»pf>tfi  «t  1300* C  for  2  h. 

Th*  deoenamcf  of  the  dietectne  conttant  on  temoerature  lot  the  "A" 
4<e4octri«a  eo-lired  w«m  the  n«kel  ttectrooe  m  eartout  PtO.  1  atmoioncre  n 
mown  m  f  >*.  3.  The  ttmoenfura  wmch  tnowt  maximum  oieiecmt  ctjrrrtant 
wet  not  affected  be  me  tmtermf  itmotone**. 


L0C  PlO.  l!MP*l 

Pig.  1  Rests:ivir/  th*  "X”  and  "S'*  di- 
tiectrics  jinterto  uncer  various  PtO. )  at 
1300'  C  and  1  -100*  C.  retoectivew,  for  2  h. 


TiawfAATuni  rci 

Fiq.  3  Ttmocratur*  dcpendenc*  of  dielectric 
conrtant  of  th*  "A"  dieioctrto  nnttno  with  Ni. 
eiecrrcKj*  under  k>w  o*v?en  p*rti»l  prenurei  it 
U00*C  foi  2  h. 


•? 
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4  AP°UCATI0N 


Th*  rnultim  material  slightly  modified  tiom  “A-'  composition  was 
aoohed  to  the  monolithic  cap.scitor  with  nickel  electrode.  The  capacitor  was 
made  into  a  large  capacitance  capacitor  from  10  to  100uF  lor  high  frequency 
applications. 

Impedance  and  ES3  characteristics  of  5ouF  multilayer  capacitor  are 
suoenor  to  the  2300uF  aluminum  electrolytic  capacitor  at  frequencies  more 
than  50  KH*.  When  20  amperes  of  rtppl*  current  at  100  KHi  are  applied  to 
the  new  capacitor,  the  surface  temperance  rise  n  only  5  C  which  is  one- fifth 
of  that  of  the  aluminum  electrolytic  capacitor.  The  results  of  load  life  test 
are  shown  in  Fig.  4,  which  shows  that  these  base  metal  monolithic  caoacitor 
are  as  reliable  as  conventional  monolithic  capacitors.  The  failure  rate  of 
Z5U  56uF  25  Volt  capacitor  was  estimated  to  be  lei*  than  0.023%  par  1000 
hrs  at  rated  conditions. 


Time  (hr) 


Fig.  4  Load  life  test  results  for  nickel 
electrode  monolithic  capacitors,  Z5U  56 mF 
25  volt  Sample  volume  was  40  pcs. 
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Nickel  Electrode  Monolithic 
Ceramic  Capacitors 
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TEMPERATURE 


STABLE  BARIUM  TITAIIATE 


CERAMICS 


FOR  BASE  METAL  MULTILAYER  CAPACITORS 


DIELECTRIC  MATERIAL 

1 .  SYSTEM ; 

B  aT  i  03  -CuIi’O  j -MnO-Y;  0  5 

2.  FIRING  TEMPERATURE; 

1270-1350°C 

3.  FIRING  ATMOSPHERE; 

P02=3x10'10-3hi0-5  atm. 


TEMPERATURE  CHAO  ACTtfl  X  ST  1  CS  OF  DIELECTRIC 
CQH START  FOR  VARIOUS  YjGj  CONTEHTiHOLI;) 


TEMP  EP  ATUR  t  CHARACTERISTICS  OF  DIELECTRIC 
COKSTANT  FOR  VARIOUS  C*2r0,  COHT EWT  J  HOLT.  1 
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?ir  ’.ninred  re f  lect  icn  spectra  were  taken  in  trier  to  get  the  nf:na:-:n 
of  lattice  v.driticns. 

Pig.  7  shows  the  measured  and  calculated  reflection  spectra  of  3a . he , 7a 
ceramics.  The  crystal  structure  of  this  material  belongs  to  the  space  croup 
Did  of  a  trigonal  system.  Taking  T*  point  or  K*0  into  consider,  w nose  point 
group  is  Did,  lattice  vibrations  can  be  written  in  terms  of  normal  modes  such 
as  •iAlg-*'A2c~5Eg-**2Alu-»*9A.2u«'iOEu  . 

Among  them,  A2u  and  Eu  modes  are  infrared  active.  And  as  one  of  the  A2u  and 
one  of  the  Eu  modes  correspond  to  the  uniform  displacements  of  ions,  the  number 


of  infrared-active  modes  to  be  observed  is  16  at  most. 


The  dispersion  parameters  used  for  analysising  the  reflection  spectra  are 
also  shown  in  Fig.  7.  Table  1  shows  the  measured  and  calculated  dielectric 
characteristics  at  10  GHz .  They  show  preferable  agreement. 
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r,<  7  Measured  and  calculated  far  infrarec  reflectivity  of  EaiMg  y3Ta  ceramic 
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ABSTRACT  M»cr«»wavc  Properties  of  HaOT.O;-*C,  ceramic  tvMcm  were  investigated  AuJMmn  ,i(  j  >m.ill  jitmum 
of  WO,  10  B.iO  kTiO;  leads  to  an  explicit  rmpmvcmcni  of  0  and  Tt  (temperature  coefficient  of  rru»nant  frequency) 
Micros  jvc  properties  of  the  cttmf«*MiMin\  with  t-4  to  4.5  and  y-f*  to  ft  <U  m  the  equation  of 
BwO-xTiOyf  I  ■*  f  |vWO>  were  observed  With  the  range  of  i  4  to  4.3  and  ywlMl2  to  Hurt  higher  0  *»iufl 
(Wilt  —  tftMl  jt  nCHl>  and  lower  Tr  values  of  nearly  zero  (—11.5  to  2.3  ppm/*C)  with  £  of  35  — 3K  were  obtained. 
These  ceramics  had  three  kinds  of  crystallines  compisscd  of  BaTi,0,.  Bj;Ts..O>,  and  B.iW'0(  It  w.i\  found  that  these 
improvements  seem  to  he  attributed  to  BjWO,  crystallines  with  a  negative  Tl.  winch  is  segregated  as  a  secondary 
phase  hy  WO,  addition  tft  the  dielectrics. 

1.  INTRODUCTION 

Ceramics  of  the  TiO;  rich  region  of  BaO-TiO;  system  such  as  BaTijO*"  and  BaTLOv,"*-*  arc  well  known  to  he 
pood  dielectric  resonator  materials  at  microwave  frequency.  In  order  to  improve  the  0  values,  such  methods  as 
chemical  treatment*1-*  of  oletned  materials  or  addition  of  small  amounts  of  Mb’1  were  reported  previously.  There 
art.  however,  few  data  on  the  reduction  of  U.  The  optimum  of  these  published  data  for  BaOTiO;  dielectrics  arc 
understood  as  following;  BaTi,<X  (BuO-4TiO;):  £-.3K.  Q-dtilt  at  4GHt.  (0-N«*  at  *GHx).  Tf- 15-20  ppmTC." 
Ba*TwO>,  (Ba0-4.3T«0*):  t-3V-4ll.  0- «*■♦- I !.«»*>  at  JCHi.  (0 -  at  bGHx).  Tf-  2  pf»nd*C.?WM 

In  our  rase,  the  xcgrrgaicd  BuWO,  crystallines  formed  by  WO,  addition  have  an  advantage  feu  both  improve- 

ment  of  0  and  Tl.  This  paper  n  mainly  concerned  with  the  relation  between  the  w0»  amount,  the  rmcTOsirunurc 

and  the  microwave  properties. 

2.  experimental 

2-1.  Material  and  Procedure 

The  starting  materials  composed  of  BaC0».  TiO;.  WO,  and  MnCO,  powder  with  a  purity  of  W  7  to  W.V*ifr 
were  mucd  to  be  the  designated  composition  mentioned  above,  in  which  MnO  was  fued  to  0  |  mnl'it.  The  mned 
powder  wji  calcined  a»  lttlPC  in  air  for  4Hrs  Ball  milled  powder  was  Cold  pressed  into  disks  and  then  sintered  at 

3  temperature  ranging  between  lV4f*C  to  I42TC  in  0;  for  2Hrs. 

2.2.  Measurement 

The  microwave  propcnics  of  the  dielectrics  were  measured  by  the  resonant  cavity  method  on  the  TIE.,,*  mode  at 
6GHi  XRD.  SEM  and  EPMA  analysis  were  used  to  examine  the  m»cri*»trunurc  of  the  diclcnna. 


A’ 


V- 

>' 


3  RESULT  AND  DISCUSSION 

In  order  to  study  miemwave  properties  for  our  dielectrics,  we  selected  several  points  of  if 4—  4.5)  in  the 
composition  written  as  BaO  iTiO;-M  i )yW0 

The  properties  of  BaO-4TiO;  and  BjO-4 .5 TiO;  with  a  small  amount  of  WO,  (yv(l-IIIM)  vmre  represented 

c:::. 

fyptcaffy  rn  Fig.  J.  Jn  each  ease,  the  addition  of  WO,  at  y-t raft  shows  j  rcmarkahle  increase  of  0  fT  1 1 JC1. 

57ll)-.WIlt  — Mtlll).  which  is  however  saturated  with  funher  addition  It  is  jtill  difficult  to  explain  this  favorable  0 
C  C51. 

behavior  fat 

On  the  other  hand,  it  is  well  explained  from  Fig  1  and  the  microstruaurc  of  these  dieiectna  (Ftg  2)  that  the 
change  of  £  and  Tf  seems  to  depend  on  the  segregation  of  Bjw0j  and  BjTv.On,  m  BaO-^TiO;  or  of  Bj'A'Oi  and 
TO;  m  BaO-4.5T.Ov  The  increase  of  £  and  Tf  is  due  to  segregaiion  of  TiO;  The  decrease  of  £  and  T(  is  due  to 
segregation  of  BjWQ4.  It  ,s  thought  from  the  optimum  data  of  Tt.  —0.5  ppm“C  for  BaO-4TiO;  <»  IW'O,  (y  —  ll  02) 
that  BaWOj  must  have  negative  Tf  with  smaller  £  than  BaTLO*.  and  BaTLO—  The  segregation  of  B-;Ti«0v.  is 
effective  for  £  increase  and  Tf  decrease.  Therefore  in  order  to  obtain  a  dielectric  resonator  wMh  high  0  and  zero  Tf 
wuh  relatively  high  £.  coexistence  of  three  kinds  of  crystallines  of  BjTi,0».  Bj»Tl.0v.  and  BaWOj  »s  reouired. 
f£—  35  — 38).  The  reaction  eauanons  wtfh  WO,,  which  wru  «denr»fied  b*-  EPMA  Quantitative  analysis  for  the  micro- 
structures.  would  be  mterpreated  as  follows  Table  I  is  the  summary  of  our  study. 
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Dielectric  Properties  of  BaO  xTiOa  (  1  -  *j ylV03 
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X-ray  Diffraction  Pattern  of 
BaO  4Ti0j  O.IWO3  (y  =  0.Q2) 
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II.  APACIH  ,  1.  r-lllur.AKl.  and  a.  KAUAI1AIA 
Uepa  i  tment  o[  Electronics,  faculty 

of  Engineering,  Kyoto  University, 

Sakyoku,  Kyoto  GUO,  Japan 


AUSIRACT:  I  111 l-orlented  rZT(90/10)  tiles 
have  been  successfully  grown  with  good 
epitaxy  onto  the  c  plane  of  sapphire  and 
epitaxial  Pt  file  substrates  by  the  rf- 
eagiietrou  sputtering  method.  The  crystal¬ 
lographic  identifications  of  these  PET  and  PT 
films  ere  made  by  the  X-ray  and  PIIEED 
measurements.  Dielectric,  ferroelectric  and 
pyroelectric  properties  of  the  films  are 
measured.  Pyroelectric  coefficients  at  room 
temperature  have  been  determined  as  A. 5  end 
3.5xlU  ®C/cm^K  for  epitaxial  TZT  end  poly¬ 
crystalline  PT  films,  respectively.  Epitaxial 
PZH90/ 10)  films  on  Pt/ sapphire  possess 
desirable  properties  for  potential 
applications  in  pyroelectric  devices. 
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H .  IUII  NOSH 

Sr  him  I  «*(  Scii'iicf!  nntl  i  in*i?i 
(Ii* i  voi  ni  ly  ,  lokyu,  .ki|>iin 

Alts  I  I : 

1'yi  fmlrch  ir.  ;iml  electrical  pi  Opel  ties 
<>f  the  modified  (l‘b»  Mr )  (  ((’,Oy  /  y  I  1 1  /  k  )  « 
l  i  Jf>,  rer/imics  (Ur?sJla  Sr  or  C.n) 
mu!  (\  i  u  il*g  small  - » moil  m  L  55  of  Mill)  ;iiul  Nil) 
M.u-o  i  uv'*s  I.  i  c-i  l '*«| .  lhesr  ef*r;imics 

oro  chnrnclcr  i  ml  by  )i  f  r.  Imp  pm  r?ul 
density,  small  d  to  leotr  i  c:  constant 
(iiboul.  ZOO)  and  I  net  lily  in  poling 
procedure.  Amour,  Llic  ceramics 
55iilist.ittil.pil  vtifi  the  alkaline  earth 
metals,  1.1  in  On- mod  i  f  i pi!  ceramics  show 
markedly  excellent  pyroelectric  and 
piezuelerl  l  it:  proper -l. ies .  Various  kinds 
of  pyroelectric  dp  lectors  and  ultrasonic 
transducers  have  been  developed  by 
employing  these  modified  I’bTiOj  ceramics. 


1.  IMfKimUCliUW 

decently,  pyroelectric  infrared 
sensors  hove  been  widely  used  in 
cousumer  electric  appliances  and  other 
electric  equipments  such  as  microwave 
ovens,  automatic  door  systems,  tinman 
body  sensors  and  burr, tar  alarm  systems, 
pyroelectric  infrared  sensors  show  good 
sens i nr.  characteristics.  Differing  from 
photon  sensoi's,  they  can  be  used  at  room 
temperature  and  tlicir  infrared  response 
does  not  depend  on  the  wavelength  of  the 
infrared  rays  used.  The  pyroelectric 
materials  performance  is  represented  by 
Hie  f i cure  of  merit  Fv,  defined  as 
IV  t  tv,  where ,  P,  r  and  Cv  are 
pyroelectric:  coefficient,  relative 
dielectric  constant  and  volume  specific 
hfMl ,  respectively.  Nowadays,  various 
kinds  of  py roe ler tr ic  materials,  like 
h » I all,  single  crystal,  arc  commercially 
•available  and  used,  Among  them,  I’bTiU, 
ceramic*  have  Im*<*»»  ter. aided  as  gn»,d 


l«\  i  If  ir  tit  >  \  tt  i ;» I  ,  b»»raus»«  >»|  I  4 1  *  •  i  I 

I  a  I  Ci'  P  y  I  <»e  I  e*  I  »  ♦  r  I  "C  I  f  j  I  i  «*n  t  r,  ‘iin.i  I  | 
di*,li«iti  i,  I  ,-fffl  f  .and  high  (nrie 

1  empernl  m  *•  Ic.  Ihe  pieseii*  papnr 

In  the  pv  i  nr  I  t?c  I  i  ir  and  nlnrtiir.il 
pi  i.pcf  (  i  i.<;  ,,  f  ( I'b  ,  fb* )  |  ( (  o,  .  ,  1  i ,  ,  t  )  , 

l  i  cmaiitics  (ilu-ll.i,  .'Ii  t>i  Vi). 


2.  I;XPI;.II  I HI-NTAI. 

Figure  I  shows  the  pyroelectric 
reiamics  manu faptur i up.  process.  Haw 
materials,  PhD,  TiO*,  CoO,  MrCO, ,  VO,, 
MiiCH,  and  NiO,  were  calcined  at  WUUTJ 
for  2  hours  in  air  after  weighing  and 
mixing.  The  mixture  were  formed  by  Hie 
pressing  and  fired  at  1100-1180*C  for 
several  hours,  because  of  the  low 
firing  tempera turn  and  small  amount  of 
run  vapor i zn t ion,  in  comparison  with  PZT 
(PhTiMi-PbZrOi )  ceramic,  the  mixture  was 
not  fired  iff  PbO  atmosphere.  Both 
surfaces  of  the  fired  samples  were 
polished  until  the  samples  were  0.5  mm 
thick  and  their  diameter  was  20  mm. 

Usually,  PbTiO,  ceramic  polarisation 
requires  a  markedly  high  voltage  and 
high  temperature,  more  than  ROkV  and 
2  MOT. ,  respectively.  However,  (Pb,  He)* 
f  (To, ,  T  V, , . )  f  Ti)(),  ceramic  can  be 
poll  ml  at  lower  voltage  nnd  temperature, 
dO'fiOkV/cm,  lOO'C,  respectively,  in 
silicone  oil.  Aging  tests  were 
performed  for  each  sample.  Pyroelectric 
coefficient  P  values  were  measured  by 
the  conventional  system.  Helat.ive 
dielectric  constant  i  values  were 
measured  by  l.CR  meter  (YIIP-4! 2G 1  A)  at 
I  k  1 1 7. .  lies  pons  i  v  i  ty  Hv  and  relative 
detectivity  D*  were  measured  under 
chopped  light  irradial  ion  from  lle-Ne 
laser  (Hughes  Aircraft  Co.  Hodel  332111" 
PC)  by  signal  analyzer  (Ivatsu  Sm"2l00A) 
and  a  spectrum  analyzer  (Hewlett  Packard 
35R2A). 

The  spontaneous  polarization  valties 
were  measured  by  Hie  Lawyer-Tower  method 
Using  the  system  in  Fig.  2,  ve  have 
measured  pyroelectric  coefficient  values 
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3.  RESULTS 

Figure  3  shoes  pyroelectric 
coefficient  t‘,  relative  dielectric 
cqnslatit  t  and  figure  of  aerit  Fv  for 
(Ebl_llCa * )  ( (Coi  / 1 V i  / 1 ) v  t c  Tit .  • « )Q 1  as  a 
function  of  Ca  concentration.  As  Ca  is 
introduced  into  PbTjl)»  ceraajc,  the 
pyroelectric  coefficient  increases  to  a 
great  extent. 

Curia  leaperatures  and  coupling 
factors  for  the  (Pb,.,  Me«)  ( (Cow  ,  /  f  )  • 

•  t.Ti,  ,  ,)0,  systea  are  shovn  in  Fig.  4 
and  Fig.  S,  respectively.  Froa  Fig.  5, 
it  is  found  that  these  piezoelectric 
aaterials  have  an  extreaely  anisotropic 
piezoelectric  effect. 

4.  DISCUSSION 

The  iaproveaent  of  pyroelectricity  by 
the  Ca  introduction  into  PbTiO>  host 
lattice  aay  be  attributed  to  the 
increase  of  the  spontaneous  polarization 
as  shovn  in  Fig.  6. 

The  large  piezoelectric  anisotropy  of 
these  ceramics  aay  be  understood  vhen 
the  piezoelectric  properties  are  reduced 
fro#  the  electrostrictive  coefficient 
and  the  piezoelectric  constant  d,t 
disappears  for  a  particular  ratio  of  the 
electrostrictive  coefficients  and  a 
certain  degree  of  polarization. 
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Fig.  1.  Manufacturing  process  for 
(Ph  ■  Me)  ( (Co,  .  Ti)0,  Ceramics. 

(Me-Ba,  3r.  or  Ca) 
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GPAIN-OBIENUn  LEAD  GERmmiME  SILI'A't  CERAMICS 
here  PREPARED  A’  HOT-PRESSING  ME1HCD.  1*»{  mk«PS- 
TRUCTuRE  AHO  1  ME  ELECTRICAL  ANO  COItCAL  PROPERTIES 
OF  GAAIN-ORIEMTEO  SAMPLES  HERE  MEASURED. 

The  anisotropies  of  2  to  R  times  m  the  p f o«  1 1- 

TIVITY  AMD  PIE70ELECIRIC  AMD  r  r  ROEl  EC  T  P  I  C  COErFl- 
CIEMIS  HERE  FOUND  BE'mEEm  THE  PARALLEL  AND  PERPENDI¬ 
CULAR  DIRECTION  TO  THE  NOT -PRE 5S I  MG  DIRECTION. 

ll  HAS  FOUNO  THAT  GBAIM-ORIEMTED  lead  germamate 
SILICATE  CERAMICS  Have  highly  ACTIVE  PYROELECTRIC 
EFFECT.  7h f  COEFFICIENT  IN  THE  ROOM  temperature 

HAS  2.5x10  ^uC/CH^  °C.  HAS  AS  SAME  AS  THAT  OF  L|TaOj 

single  crystal  and  about  0  TIMES  AS  large  as  that  of 
IiHbOj  single  CRY5TAL. 

Hot-pressed  leao  germamate  silicate  ceramics 

HITH  A  POROSITY  OF  LESS  THAN  0.5  1  SHOHED  »  TRANSMI¬ 
TTANCE  OF  ABOUT  60  I  AT  A  HAVE-LENGTH  OF  6  ^JM. 
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FRACTURE  BEHAVIOR  OF  CERAMICS  USED  IN 
MULTILAYER  CAPACITORS 

Th«re»a  L.  Baker  ana  Stephen  W.  Fretman 
neftonef  8 uraau  of  Standards  GaiihersOuro.  MD 


EXPERIMENTAL  procedure 

Malarial'  Various  capacitor  composition! 

(No  electrode»)(AVX) 

Form  -  25mm  tquarai,  1«2mm  thick,  aa-flr«d 
Ta*t -indentation  fracture  (biaxial  flaxura) 


,  P 


(I/N-Il 

then  ;  CTf  =(A  C  ) 


where  N-  4N/3-  2/3 

For  uotroDic  .  homogeneous  material,  a.g.  glass: 

K 1  XP*'"*''  *  'I'O’C"1 

ootain  : 

K_«  t] (E/H)"’  (<r,  p'";*'4 

For  oolycrystallina  earamics  : 

K  *  K  K 

isotropic  ^  microst  ructurt 

where 

^rrncro*iruCfura  s  HC/G) 
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Compositional  Influences  on  PLZT  Switching  Properties 

B._KOCPKE,  F.  WAUENIIOnST  ««d  J.  KYONItA 
Hon«y  w«ll  Inc.,  Mlnn«*poli>,  MH 

ABSTRACT:  Half-wave  voltages,  polarization  ami  capacitance  were  measurer)  Inr  a  senes  ol 
PLZT  samples  with  varying  La  conlenls  and  2r/Ti  ratios.  These  parameters.  particularly 
halt-wave  voltage,  are  critical  in  the  design  ot  aclive  PLZT  optical  componenis  Lower 
values  ot  half-wave  voltage  are  highly  desirable  This  work  establishes  that  ns  ihe  La 
content  exceeds  9.4  alom  %  and  as  the  Zr/Tt  ratio  exceeds  65/35,  undesirable  increases  in 
hall-wave  voltage  will  result. 
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Discussion 

This  worn  snows  mat.  as  :ne  Zs' T.  ratio  .s  raisec  aoove  me  6:  25 
levei  :ne  nail-wave  voitage  raises  tor  9  u  atom  oercent  one 
hioner  La  contents.  Swucnmg  time  measurement  scatter  was 
suc.n  :nat  oiiterences  between  samoies  were  not  cetectaoie  'he 
aata  CiO  not.  nowever.  suggest  a  significant  trena  over  the 
comoosmonai  range  testea.  mgure  5  snows  :nat  the  water 
caoacitance  ano  tnerefore  oieiectric  constant  <s  mverseiv  reiateo 
to  ootn  tne  La  content  ano  tne  Zr/T»  ratio.  Potanrauon  is  snown 
m  Figure  «i.  to  De  mverseiv  reiateo  to  ootn  >_a  content  anc  Zs:T< 
ratio.  The  results  of  tnis  worn  tnoicate  tnat  Zj~>  ratios  of  'ess 
than  65/25  aiong  witn  t_a  contents  or  »ss  than  ?  *  atom 
snouid  be  exdorea.  it  aooears  tnat  lower  nait-wave  voltages  can 
be  acnieveo  wun  crocaoie  minor  >mcac:  cn  switching  time  out  at 
seme  cos;  m  mgner  cieiectnc  constants  arc  ooiancation  vaiues 
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Electromechanical  Failure  Predictions 


R.  C.  Ponankr  and  P.  L.  Smith 
Office  of  Naval  Research 
and 

S.  W.  Freiman 

National  Bureau  of  Standards 


V,  f 
l 
! 

t 

~w—  - 


Electrcstrictive  Strength 


Cyclic 


E'.c-ric  fi.ld  9  i  a  3#  d  El.ctrostriclian 
Cxp.r-m.n  tally  O.t.-min.  Effective  d  ConS»an. 
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Mechanical  and  Dielectric  Failure  of  BaTiO^  Ceramics 

A.  KISHIMOTO,  K.KOUMOTO,  and  H,  Y AN AG IDA 
Department  of  Industrial  Chemistry, 

Faculty  of  Engineer ing , The  University  of  Tokyo, 

7-3-1  Kongo,  Bunkyo-Ku,  Tokyo  113 

ABSTRACT)  A  usual  method  for  mechanical  strength  measuremen 

requires  a  lot  of  test  pieces  and  tune,  which  should  be 
inconvenient  from  the  technological  point  of  view. 

The  present  paper  reports  the  alternative  method  to 
predict  the  mechanical  failure  probability,  utilizing  the 
analogy  between  mechanical  and  dielectric  strength  distri¬ 
butions,  without  spending  a  lot  of  test  pieces. 


Sample  preparation  Grain  size  distributions  Measuring  Apparatus 
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Fig.  18  Fracture  toguhness  for  CVD-SiC. 


6.  Conclusions 


1)  Highly  pure  and  Dense  SiC  without  any  impurity  phases 
at  grain  boundaries  were  prepared  by  CVQ. 

2)  Toughness  and  strength  of  CVD-SiC  increased  above  about 
1000’C  due  to  small  plastic  deformation  at  crack  tip. 

31  Toughness  of  CVD-SiC  was  extremely  improved  by 
introducing  stacking  faults  into  grains. 

New  toughening  mechanism:  stacking  fauits-crack  tip 

interaction 
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Several  non-amor*  d‘,JT  coaootiliont  •*'*  t»ciuiita  for  meir  'esittance 
to  me  commeo  effect*  of  hign  electric  fie.c.  eie*oiea  imDe-ctu'*  o.-»d 
n i on  intensity  1 1 3ni  ftwoiL/'t  >u  ictf'iaii  esmcueo  omovior  •e'icn 
Halt  meir  otrtermonct  under  mete  condition},  n  -o*  round  mat  carnet* 
cancti  lotion  of  if*  tiectrooctic  effect  ion  actuated  shutter  oeo'osmg 
to  an  off  conoitioni  could  be  obtained  under  certain  conditions  Tntt 
■at  oenevta  to  be  om  to  «uw  onoto  or  tneraoiiy  ticiteo  tooct  charge 
screening  out  rn*  oooiicd  ff«d  rne  pnoroe«citec  imc<  cnorot  effect* 
could  oe  eise/uioJJy  eliainoteo  bv  van*  of  oc  ratner  tnan  oc  voltage 
Marat  ion. 


IlfTMODUCTIOS 

Since  tne  eorly  1 970 ' i  «ncn  tne  transparent,  Kip-iooc  ferroelectric 
P\JT  eater ioli  -ere  firit  utilised  in  snuffer  oencti.  it  -es  noted  tnot 
theso  oatenoli  -eri  liaised  on  tnetr  performance  or  renewal  mmo r» 
onenew no  wnifeittd  in  •  t lar^deoenoeni  deterioration  of  tne  Off  common 
Sunrouem  restorer  i  wees  tl  got  ions  non  contributed  great  it  to  an  kroer  - 
1 1 ana i no  of  tncic  ancaowna  ■men  ore  generally  cloitlf led  a*  ill  reuouoi 
wwk>  effects  resulting  <rm  c  f icid- i«**#d  ferroelectric  note  ono  < 2 > 
uou  cncroe  effects  produced  or  tne  enotot*ci  t ct  i cm  of  cnorg*  comtn 
and  rne If  «o»eaent  unaer  tne  influence  of  on  electric  field.  The  oreirnt 
study  reports  on  tow  ocstrvefl  effects  l«  tn#  igiti*  category  as  tney 
feldte  to  $F£  loenferroeieciric)  eotertoit  in  trantverit-aoot.  mutter 
device*. 


WHIflEKiM. 

not  orctseO.  oomneo  ona  elect  roots  ionics  or  <**JTT  cowontioni 
t/15/15.  9. i/l$/35.  7/15/JJ.  I/?D/J0  one  iS/fcO /ID  *ere  sciecies  for  siua* 
Tne  «oom  oeoatlted.  Cf*Au.  sm;ic-sioed.  tuffccc  eiccrrodei  com  urea 
of  on  mteraieitoi  arror  of  eicctraot  -lOtn*  ana  oaos  ranging  ‘rm  oru« 
te  O.IS  or  Electrical  ona  eiectrocctic  psoiu  reforms  »ere  aooe  on  tne 
idwies  ci  o  function  of  electric  fieid.  tenperoiur*.  tiee  one  i.sat 
e«oosure.  A  mgn  intensity  wreury  ore  io»o  i  JS  w/cr-  -os  used  oi  tne 
licnt  source  m  conjunction  «itn  various  futtrs  rang mg  fro*  UO  w  to 
tcverol  eicront. 

Socce  cnoroe  and  oftotocanauctuity  aeesurcetenTt  wre  conducted  on 
tne  setub  sruwi  in  figure  1.  Tn«te  «tosuf*nenis  «tri  toacn  and  recorded 
*»>i*  unaer  visual  observation  fit  o  noemf icstion  of  HOC. 

USlfcTS 

It  »oj  found  tnot  ill  tne  no  ten  alt  evciuctea  in  tm*  stuor 

■ere  manly  tusceotibie  to  tne  essoined  effects  of  *.  isn  intensity  ngat 
uvosure  and  mgft  electric  fields,  ;?>  tne  effects  ore  core  oryiounced 
o:  tOBcretjret  neor  or  oaove  f.  miu  in  dteiectnc  constant.  £S'C 
for  i/hi/iS)  ono  (l>  tne  effects  ere  not  aeoenoent  cna  >111  s.«ovs 
anneal  Out  c:  0  rote  «ticn  is  ocoenoent  on  tsseereture  sno  ncnt  mown 
a  tyticd)  set  cf  curves  ere  sno^i  m  Figures  2,  J  ana  «  as  *tec.  :ne 
rttvin  mtttnci  it  trsmetnc  c sout  tn#  ttro  1  c#is.  rrw  matt' 10: l 

ti«iecttb  to  either  a  MSiti*#  or  neaattve  010s  «miie  il>v««noteo  une 
w*s«l  situCtidn  in  a  snutttr  oevicn  e»niBlt  varying  oearect  of  lignt 
intensity  risywetry  Tn#  relssdtien  :ir»  tor  tnu  yffett  ot  for 

f_TT  9/IJ/J5  wot  found  fo  oe  2»'o*»~ltiy  5  secorvrs  i^v  .  ipnt  pm 
canseorfmiy.  on  octivated  snutttr  •ould  oe  totoiiy  c*©emsted  'turned 
3FF>  oy  tne  onotoescited  soocc  charge  field  in  mis  r.ee  'rm 
deleterious  effect  *as  eiient lolly  tiieinateo  o»  crumg  ;ie  mutter 
•tin  an  oc  vaitOQe  at  30  hi  01  can  t»  seen  m  Tsoie  1  r  tort  •> 
siMorizet  tnese  results  in  0  diet  of  contrast  r;tio  it«i  *s  iwerstur* 


cnoio:orvi*ci  ..e  e"e:ts  •"  --^st  aotf  :  »  -e'f  c  »a  s:ud>e:  l* 

coni  tor  ing  me  o.'oss  «  nil  eti|;0r  :orrm:T*3  •  *e^  es 
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result  or  tne  conauction  o<  pneioocueo  tooci  :nor»«  across  .ne  «jl i 
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«n  mu  1  generated  or  mcnonnonr  swtiermg  me  1  igni  vowree  at 
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SOME  ELECTROOPT  l  C  PROPERTIES 

O  F 

PL2T  CERAMICS 

K  .  Hikita,  M.  Hi  rama.Y.  Tanaka 
and  M  .  O  n  o 

r  it  D  Center.  Ceramics 

Mitsubishi  Mining  it  Cement 
CO.  .  LTD. 


INTRODUCTION 


Zr/Ti  litio 


'<>,  *'"Qi 


69/31  67/33  65/35 
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Accord  »n  £  to  the  phase  diagram  of 
PUT,  phase  boundaries  among  two  ferro 
electric  phases  a  r.  d  a  pseudo-cubic 

phase  are  crossed  near  the  composition 
of  '9  67  33  and  near  where  the  compo¬ 
sition  of  9  65  3  5.  which  \  ^  suitable 
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electro- 

cion. 


2 .  EXPERIMENTAL  PROCEDURE 
1)  Sample  P  reparation 
♦  Composi  tion;Pbi-«  La.  (2r,  T  i  ,  )  ,  -«✓<  0  3 

x  =  0.08.0.09.0.10 
y  =  0.65.0.67.0.69 

♦Processing  of  PLZT  powder 


P  b  O 


L  a  2  O  3 


Zr-alkoxide 
Ti-al  koxi  d  e- 


-Mixing 


-Hydro  1  ys  i  s 
(H,  0} 


^ - F  i  1  t  e  r  i  n  g  - Drying  - P  r  e  f  i  r  i  n  g  - 5*- 

(  700  ■ —  9 00  r  ) 


I - «s - 

- Ball-  - Drying  -  PLZT  -Powder 

Mi  1  1  i  n  g 
(in  acetone; 


♦Hot  Pressing  and  Annealing 
(Two-Stage  Method) 

Hot  Pressing;  1200'C.5ilr.  P  =  1 00  kg.  cut 


Annea  1  i  ng  ;  1200'C.  2  01ir. 


2)  Measurement 


«  X  R  D 

Crystal  phase 

♦  D  -  E  Hysteresis  Loop 

AC  electric  field;  2  k  V  /  m  m .  5  0  H  z  . 
Sample  ;  5x5  mu'' .  thickness  0.25  mm 

♦Birefringence  (An) 

Polarizing  Microscope,  Senarmon 
Compensator 

Sample:  Mirror-polished  PLZT 

thickness  0.5  m 

gap  between  electrodes  0.5  ant 
Determining  the  rotating  angle  of 
Analyzer  - >■  Retardation  (  f"7  =  A  n  •  1  ) 

Quadratic  electrooptic  coefficient 
.  R ,  was  determined  by  following  e  q 
R  =  -  2An/n  i'Ei1 

where,  ni  : refractive  index 
Ej  :electric  field 

RESULTS  and  DISCUSSiON 
1JD-E  Hysteresis 

(  X,  6  9  31).  The  loop  changed  tc  siirr. 

with  increasing  in  La 


ratio 


(X/65/35) ; The  same  Lendency. 

(9/Y/Z )  :The  loop  changed  to  slim 
with  increasing  in  2  r/T  i 
ratio. 

*Ec  and  P  r  decreased  v.  t  t  h  increasing 
in  both  La  ratio  and  Zr  ratio. 

*D-E  hysteresis  loop  also  became 
slim  with  increasing  temperature. 

2)  Birefringence  and  Quadratic  electr¬ 
ooptic  coefficient  (R) 

(X/69/31) ;Memory  effect  was  observ¬ 
ed  for  La  8  a  t  m%. 
Quadratic  electrooptic 
effect  was  shown  for  La 

9  and  10  a  t  m  % . 

(X/65/35) ; the  same  tendency. 

(9/Y/Z)  iquadratic  curves  changed 
to  flat  as  Zr  ratio  inc¬ 

reased. 

Quadratic  electroop  cic 
coefficient  increased 
with  decreasing  in  Zr 
rati  o  . 

*A  little  hysteresis  was  observed  ip. 
the  quadratic  curves,  which  decrea¬ 
sed  with  increasing  in  both  La 

ratio  and  Zr  ratio. 
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DIELECTRIC  PROPERTIES  OP  SPUTTERED  POLYCRYSTALLINE  {Pt3.La)IZr.TuC3  This  P.wv.S 

K  -  WAS  A  H.  ADACHI.  and  T.  MlTSLYU 
Central  Research  Laboratories ,  Matsushita  Electric  Ind.  Co..  Ltd. 
Yacumo-Nakamachi  3- IS.  Morlguchi  570,  Japan 


ABSTRACT:  Thin  films  of  polycrys  tall  ine  Pt :  «x/ ;oOLax/  100  1 2ry  /  lC07ls/  1 00 }  1  -x  /  4  C  o 
0^ .  FLIT ,  were  prepared  or*  a  sapphire  substrate  by  r f -magnetron  sputtering 
from  the  PUT  sintered  powder  target.  The  sputtered  films  show  a  perovsr.it- 
structure  and  exhibit  a  dielectric  anomaly.  Dielectric  properties  were 
discussed  in  comparison  with  bulk  ceramics. 

1  .  INTRODUCTION 

Thin  films  of  ferroelectric  materials  are  of  much  interest  for  a  fabrication 
ot  novel  tuctional  devices.  The  single  crystal  films  of  the  quaternary  solid 
solution  of  Pb,.8/l00L»j|/100(*ry/1(10Til/100)1.Ic/4O0O3.  PLfT  I  * ,  y ,  z)  .  were 
extensively  studied  for  making  an  electro-optic  devices  .  Recently  we  have 
prepared  polycrystaiiine  thin  filmn  of  the  PL2T Ix/y/z)  by  rf-magnetron 
sputtering  and  evaluated  their  dielectric  properties. 

2.  PREPARATIONS  AND  MEASUREMENTS 

The  PLZT  thin  films  were  deposited  by  the  sputtering  from  sintered  PLZT 
powder  target.  The  sputtering  conditions  are  shown  in  TABLE  1.  Sapphire 
wafers  were  used  as  the  substrates.  The  substrate  temperature  was  kept  at 
500  to  700  *C .  The  dielectric  properties  of  the  sputtered  PLZT  films  were 
evaluated  in  a  sandwitch  structure  ,  Au  thin  film  top  electrode/ sputtered 
P LIT  films/TiN  thin  film  base  electrode,  prepared  on  the  sapphire  wafers. 

The  TIN  base  electrode  was  sputtered  onto  the  sapphire  wafer  prior  to  the 
souttenng  deposition  of  the  PLZT  films.  The  Au  top  electrode  was  deposited 
v,  a  conventional  vacuum  deposition  after  the  deposition  of  the  PLZT  films. 

J.  RESULTS  AND  DISCUSSIONS 

The  sputtered  PLZT  films  showed  a  polycrystalline  form  with  the  perovskite 
structure.  Their  room  temperature  permittivity  was  ranged  from  100  to  700 
depend. ng  cn  their  composition,  and  dielectric  loss,  tani  0.01  to  0.1.  The 
f  dispersion  of  the  permittivity  was  5  to  15  \  from  the  frequency 

cf  10  xHt  to  1  MHr.  These  sputtered  films  exhibited  a  dielectric  anomaly. 

*  .:a*  results  for  the  PLZT  films  sputtered  from  PLZT ( 9/ 6 5/ 2 5 )  target  are 

'  *  *  r :  g  . : . 

:  sr.^ws  a  variation  of  the  dielectric  properties  with  the  La 
;t,  m  t.ne  target  of  PLZT  lx/  55  /  3 5 )  .  It  is  seen  that  the  permittivity 
- \  a  maximum  at  the  La  concentration  of  about  10  %.  This  may  suggest  that 
-  -  »;«i:»  a  pnase  cnange  from  rhomtohedral/ tetragonal/ cubic  by  the  increase 
*  . '  r mre.nrraticn  similar  to  the  case  of  bulk  ceramics  .  The  dielectric- 

*  ■  •  j:€  observed  in  tne  sputtered  films  was  220  to  2 8 0 *C  which 

•  -  ‘.~.ar.  die  .ectr  ic-ancmaly  temperature  for  bulk  ceramics.  This 

«  -  t*«  difference  of  the  net  composition  between  bulk  ceramics 
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Rf-planar  Magnetron  Sputtering  System 

TADLC  1.  Sputtering  conditions. 


T  arget 

Substrate 

Substrate  temperature 
Sputtering  gas 
Cas  pressure 
Rf  power 
Deposition  rote 


PLZT  powder,  I00< 
Sappb‘re 
50U-7O0  *C 
Ar ( GU\ ) *0 , tiOl) 

G.  3*  10  *'  Torr 
1  GO  W 

70~I0U  A /irnn 
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schematic  cf  ceramic  with  crossed 
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CRCSSECTICN  OF  CERAMIC  WITH  CORNER 
CONNECTED  SCUARE  SHAPED  VOIDS 

v oiO  Thickness  0  1*  *  'O’3 
VOlO  PVANE  SPACING  3  ’  *  '0-3  “»■ 
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MODEL  OF  CERAMIC  WITH 
SQUARE  SHAPED  VOIDS 


TCP  VIEW  OF  CERAMIC  HAVING  CORNER 
CONNECTED  SCUARE  SHAPED  VOIDS 
VOID  LENGTH  ANO  width  11.5  *  10-3  m. 
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RESONANCE  MEASURING  TECHN'CUE  FOR  CCMpLEA 
COEFFICIENTS  OF  PiEOOEL?  CTPtC  COMPOSE  FS 


BY 


GC  XU.  AR  RAMACHANORAN  AND  R  E  N'EWNMAM 


MATERIALS  RESEARCH  LABORATORY. 
THE  PENNSYLVANIA  S^ATE  UNIVERSITY. 
UNIVERSITY  PARK  PA  16302 


INTRODUCTION 


Two  measurement  techniques  tor  piezoelectric  compos'fes  based  on 
resonance  methods  are  described  One  is  used  for  estimating  me  ipgi 
coefficients  and  <$  based  on  a  lumped  equivalent  circuit  mode*  T  he  other 
involves  the  complex  coe^'Cienis  derived  trom  an  analytical  solution  o<  a 
smg.'e  mode  vibrat»on  Representative  p'ots  o<  conduc.ance-vs-frequdncy. 
caoacitance  -vs-frequency  and  the  mechanical  Quality  lac'.or.  Gm  are 
presented  along  with  the  real  and  imaginary  parts  of  the  dielectric, 
elastic  and  piezoelectric  coefficients  of  0  3  compos.tesfNTKy  0  3  fired 
camposifes(PZT).  Lead  Wanate-Bismuth  lernte  composites.  PVDF  voided 
thick  films  and  PVOF  nonvoided  thin  films. 
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(1)  Hffioilic  Compo*.l*  Clructu 


.ow  Acoustic  impeair.ee 


Strong  Electrcmecr.Ar.ical  Coupling 


Reasonably  Large  Dielectric  Constant 


Low  Electrical  ar.S  Mechanical  Losses 


Reduction  in  Image  Transfer  Crosstalk 


Elimination  c:  Interfering  Lateral  Moaes 
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saltier  u>a«Mia>  i#.  2*  Siaasanas 


compared  -nth  tn»  transducer  vfucsnrst  but  vmt 


van* u*n  «<M  aliens  tne  uorum*  fraction  parameter,  and 


i  CfmpromiM  mutt  m  made 


fill)  When  me  stopband  it  cnos«n  t»  satislv  11). 


potsusl*  to  oiac*  the  tmctnen  resonance  im.gr  tn*  * 
stopband  This  is  important  Because  it  prevents  lateral 


propagation  at  t;.e  eocttanon  ireou  nev  — in*  cause  ol 


mechanical  crosstai*  —  «na  atsa  rummsirs  lateral 


resonances  *>i  the  transducer  at  and  near  tne  micaness 


menancf  M  lit#  transducer  mne  latter  modes  sene 


mlluence  Use  Character  ol  the  desired  thinness  resonance 


*h«  c  amputate  the  *i**«cn  #<  t#se  irecuencv  transducers 
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(5)  Constant  Strain  nodelinq  of  <  Ono-Oimensional 
Composite  Plate  Thlcaneas  Resonance  l» 
Accurttdr  Predicted 
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(6)  Constant  Stress  nooeiimj  oi  i  One-Dimensional 
Composite  Plate  Stoooand  Resonances  are 
Accurately  PreOicteo 
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Robert:  Tir.v 

Unaervacor  Sound  Reference  Oatacrcoenc 
U.  S.  "aval  Research  Laboratory 
Orlando,  FL  23236-S337.  U.S.A. 


New  piezoelectric  materials  are  conscancly  soufhc 
for  sonar  transducer  applications  in  order  to 
improve  performance  and  reliability.  We  have  a 
concir.uine  effort  in  this  endeavor  under  the  support 
of  che  Office  of  Naval  Research.  Recent  interest 
has  been  in  che  materials  for  large- area  hvdroohones. 
Pol/vinylidena  fluoride  is  now  known  to  be  inadequate 
as  a  large-area  hydrophone  material  because  of  its 
poor  thermal  stability,  low  dielectric  constant  and 
planar  anisotropy.  Alternative  materials  are  there¬ 
fore  being  sought  in  che  research  program  at  che 
Underwater  Sound  Reference  Decachmenc,  Naval  Research 
Laboratory  (URL-USRD) .  Recent  studios  have  been 
concentrated  on  three  material  systems : 


(1)  Pieroelecrric  copolymers  of  vir.ylider.e  fluoride 
and  crifluoroechylene , 

(2)  A  "1-3"  type  oieooceronic  composite  developed  by 
Plessey  Australia  Ltd. ,  and 

(3)  New  lead  ticar.ace  ceramics  available  from  both 
Japanese  and  U.  S.  sources. 

(1)  Temoerature  effects  ir.  '~T‘~ r~  Cccol'.r.ers 

*  High  temperature  e:rposure  leads  to  greater  losse: 
in  sample's  piezoelectric  activity  if  7LR 
content  is  lower. 


The  oegraaat 
transition  cr.aracce 
ordered,  ferroelect 
to  a  paraele 
henaconai  la 


investigations  are  be 
characceioe  the  crvst 
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DIELECTRIC  AI.'D  I  I  F.7'.'t  L  I  C  T  R  1  C  IRul'EKTILS  dr  I'b/.r  >>3  -  I'b  {  in ,  /  3  Ut>2  /  j  )  Cl  3  CERAHCS 
K .  SAKATA  and  T.  TAKICHAKA 

Faculty  of  Science  and  Technology,  Science  University  of  Tokyo,  Ni.di-slu,  2/8 
Japan 


Introduction 

Lead  zirconate  PbZrOj  is  a  typical  example  of  an 
amiierroeieciric  ,  and  has  been  the  most  widely  studied 
of  the  antiierroelectncs.  Its  solid  solution  system  with 
PbTiOi  (namely.  PZT)  has  been  investigated  in  detail  , 
because  the  PZT  system  has  a  morpnotropic  phase 
boundary  (MP3)  whose  components  give  superior  pi¬ 
ezoelectric  activity. 

Application  of  an  electric  field  to  PbZrOj  can  in¬ 
duce  a  ferroelectric  phase  in  the  puckered  structure  in  a 
certain  temperature  range,  because  the  fret  energy  of 
the  puckered  structure  of  PbZrOj  seems  to  be  very  close 
to  that  of  the  ferroelectric  phase. 

Small  additions  of  Ba  or  Ti  to  PbZrO*  remarkably 
lower  the  free  energy  of  the  ferroelectric  phase.  For 
example,  if  5  %  of  the  Pb  ions  are  substituted  by  Ba.  or 
about  1%  of  the  Zr  ions  by  Ti.  a  ferroelectric  phase 
shows  up  even  if  no  dc  field  is  applied.  Extensive 
research  of  PbZrO, -based  compounds  has  been  made 
from  the  standpoint  of  phase  transitions.  Recently. 
Takeuchi  et  aL  found  a  large  anisotropy  in  the 
electromechanical  coupiing  factor  of  one  PbZrO  * -based 
ceramic 


In  this  work,  we  have  atiemoied  to  obtain  basic 
information  regarding  a  new  piezoceramic  group,  from 
an  appiicational  viewpoint  of  electronic  device  material 
The  dieiectric.  piezoelectric  and  pyroelectric  properties 
of  the  PbZr«(Zni<jNbsr»)t-*Oi  solid  solution  (abbreviat¬ 
ed  to  "PZZN-lOOr'*)  with  up  to  20  mol  %  (Znw»Nbt») 
were  investigated. 


The  phase  relation  of  the  PbZr/(Z»t»*Nb».i)i-iOi(PZZN  ) 
system. 


Dieiectnc  constant  c«  and  loss  tangent  tan  S  at  room 
temperature  of  the  ?ZZN  system  as  a  function  of  PbZrO » 
mol  ®«(x). 


Temperature  dependence  of  dielectric  constant  i,  and 
loss  tangent  tan  S  of  PZZN-90  (x*=0.9). 
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Dieiectnc  constant  £ 
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Piezoelectric  Properties  of  (Na,Li)Nb03 
Ceramics 


I.KAWAMATA 

H.WATARAI 


Materials  and  Electronic  Ovice  Laboratory, 
Mitsubishi  Electric  Corporation 
Sagamihara-city  Miyashimo  1-1-57,  Kanagawa  229,  Japan 


The  PZT  family  of  ceramics  is  currently  being  used  in 
most  applications  utilizing  piezoelectric 

polycrystalline  materials.  For  the  application  ■' 
high  frequency  ultrasonic  transducers  for  non¬ 
destructive  testing,  PZT  ceramics  present 
technological  difficulties. 


Experimental 
1.  Sample  preparation 

|nq;Co3  luzcosl  iNbzOsI  |Alzoi 


New  materials  with 
(t)  higher  freauency  constant. 
(2)  lower  dieiectnc  constant 
are  required 


(Na.U)NbOi  family  of  ceramics  is  one  of  the 
desirable  materials. 

The  puroose  of  this  work  is : 

(1)  to  improve  the  siterabiiity  of  (Na.li)NbOi 
ceramics  .  and 


(2)  to  measure  the  piezoelectric  prooerties  for 
the  high  •  frequency  ultrasonic  transoucers. 


ImixingI 

1  CALC II  IAIION  1 

Fmixing  1 

l~COLD  PRESS  1 
I  sif77F:RiMG  I 
I  PROCESSING! 
lAq-ELEClTOPHGl 
IpolingI 


(MEASURING) 


930'C  x  3H 


700  kg/cm2 


1150-1240‘C 


52  kV/cm  xO  5H 
ol  IOO"C 


2.  Measurnients 
(1)  Microstructures 
Uensity,  SEM,  XMA 

(2|  Piezoelectric  and  dielectric  properties 
Coupling  (actor.  Dielectric  constant  (3) 
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Coupling 
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lliicktiess-motle  resonance  of  Naast-'o.iffbOj  ♦ 
U.5wt.%  AliOj  for  vibrating  element.!'?) 


Summary 


Sodium-litium  niobate  systems  have  higher 
frequency  constant  and  lower  dielectric  constant  than 
those  known  for  PZT  piezoelectric  ceramics. 


In  order  to  improve  the  sinterability  of  the  sodium- 
lithium  niobate  systems,  the  effect  of  alumina 
addition  has  been  investigated. 


I 

-ij  I 

.  I 


It  was  found  that  alumina  addition  enhanced  the 
density  of  the  sintered  body  and  improved  the 
microstructe  and  piezoelectric  properties  for  the 
sodium-lithium  niobate  system. 

(Na.Li)NbOi  with  a  smaii  amount  of  alumina  is 
desirable  material  for  the  fablication  of  high 
frequency  ultrasonic  transducers  for  non-destructive 
testing. 
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STRUCTURE  PARAMETER  PZT  VOLUME  FRACTION  v„. 

PZT  ROO  SHAPE  w/t 


PIEZOELECTRIC  COMPOSITE  DISK  VIBRATOR 


FREQUENCY  IKHj) 

impedance  ano  phase  characteristics  of 

PZT/ EPOXY  COMPOSITE  DISK  (diameter  :11mm 
thickness  :  0  4mm  | 


PZT  VOLUME  FRACTION 


FREQUENCY  CONSTANT  AND  ELECTROMECHAN¬ 
ICAL  COUPLING  FACTOR  OF  PLANAR  VIBRATIONAL 
MODE  IN  COMPOSITE  DISK  AS  A  FUNCTION  OF 
PZT  VOLUME  FRACTION  Isomple  thickness  :Olmm| 
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Anisotropic  Piezoelectric  Coupling  Factor  of 
[Pbx(Bi0  .*Na0 . , )  ,  .x]  ?i03  Ceramics 

S.Tashiro,  Y.Oikawa,  H.Igarashi  and  K. Okazaki 
The  National  Defense  Academy 

1 .  Dielectric  and  Piezoelectric  Properties  of 
PbTi03 - (Bi0 -5Na0 - 5 ) Ti03  system. 

2.  Effect  of  third  components  on  piezoelectric  coupling 
factor  in  PbTi03 - (3i0 . s Na0 . 5 ) TiO, -Pb  (B1 • B2) 03  system. 


(Pi.  ,.Na.  .,)T1Q,  ceramics 

Ity  Smolenskii  et  al  of  USSR'  in  1960 

Crystal  structure  :  Perovsklte 

Rhombohedral 

Curie  Temp.  :  320‘  C 
Ferroelectric 

x-PbTlO.-y  (Ole -.Ha. -. )  T10,  system 
Py  Sakata  et  al  of  Japan  in  196/ 

M.P.8.  :  x  »  12.5  mol T 

kp  »  0.20  and  Pr  *  33  (/i  c/cm’l  at  M.P.B. 
No  Piezoelectric  data  in  the  tetragonal 
region  with  large  c/a. 


Substituting  elements  of  A-slte  in  PbTlO; 


La  :  Matsushita 
Da.Sr.Ca  :  Toshiba 
La.Pr.Hd.Sm.Gd  :  Hitachi 


C a  and  Sm— Large  piezoelectric  Anisotropy 


Comparison  of  Ionic  r»dll 

(Source:  rtiystcat  Constents  Table'  by  Ilde 
et  al.  As akiire  Press.  Tokyo, Japan.  (1969| 


56-57. In  Japanese . 1 
Os'*  •  1.73  1M 
Tb”  *  1  32  lM 
Sr”  •  1.27  iM 
La”  »  K?2  I*/ 
1M”  «  1.15  |l| 
S»"  •  1.<3  iM 
Ca'*  *  1  C6  |1| 

at”  .  t.2o  |A|  ] 


lla •*  .0.59  |A|  J 


RADIUS  or  «“  IONS  I  »  I 


Cl  I  f leaf  1©"  of  i  ho  A*:!*403-tyr*  cni-pounda 
to  toiiidtufn  tonic  radii.  Fro*  1t-S.Pott«,  Journal  of 
Oaaaarcti  of  Tl«e  National  Bnrcaua  of  Slandarda,  vol.SB.No} 


Ionic  radius  of  Ca  or  Sm  is  smaller 
compared  with  Pb,  8a,  Sr  and  La  ions. 
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Lactic*  peraiaacers  of  Ch*  *■  PbTlO^-y- (BIq  ^Nag  j)T10-j 
syataa  a*  •  function  a(  Pb?lQ}  concenc  (k). 


P 


PbTiO,  Content  x  |mol%} 

ElectroMchanIcal  coupling  factors  kp.kc,  dielectric 
conatance  I^/t«,Curl*  point  Tc  and  Poisson'  •  ratio  O  1 
of  PBMN(*/y/'5)  a*  a  function  of  PbTfO}  concenc  (*>. 
wu/r/S) : 

0.3 1 


0.2 


0.1 


FSTiO,  Concent  x  Jooii) 
Electromechanical  coupling  !te:ott  kp.kc, dielectric 
constant  E  h/tt  ,  Curia  point  Tc  and  Poisaon's 
racio  a 1  at  Che  a.PSTiOj-yMBlfl^iiag.jlTlOj  caraaica. 

Sinterability  of  eh*  Ternary  system 
x- PbTiO,  -y  (Bi,  .  ,Na. )  TiO, -z- Pb  (B  l-B  J  )  0, 

3  I  and  B  0  were  restricted  to  the 
elements  with  radii  nearly  equal  to  that 
of  Ti 


\ 


Cleccroeechenlcal  coupling  faccort  kp.kt,  dielectric 
constant  cl,  /«•  , Curie  point  Tc  and  Poisson’s  ratio  if1 
of  PBFH(x/y/5)  as  a  function  of  PbTlOj  concent  (x). 

Cialactrie.flatoalaetrlc  *M  Clastic  constants  of 
C.JPbTiO,  >0.45  .  Hi.  ,,Ha.  -,)TlO, -0.05.  fb(Fa,  ..Jfp,  .,]0, 
ctfistes  with  1  ool\  »**CC,  .  (WlOC/«S/S) 


Oialactrle  eonjtant 
t\,S  i  ,  (at  1  kHt) 
«’<./  *  » 

Coup  Unf  factor 
*P 


2 -component 


Sinterability 


>  iti 

»  0  07? 
s  0.050 
:  0.45> 
s  0.CS 


Traeueney  coristant 
*P  |Xi.i) 

t«,t 

Ht 

Clastic  COMpUanc* 
*,*.  <»0  •  *  •  ■/*( 


5molt 

Pb  (CoW)  O, 

Pb  (CrNb)O, 

X 

A 

Piasoalactr 1c  co*\st*r.t 
4,,  (10  '•  o^v  ) 

-4.1 

5:.  5 

,» 
a(, 
i| , 

* 

PbfFeNblO, 

0 

111 

Hachanicsl  euality 

* 

Pb  (MqNb)  0, 

o 

no  *  V  a/m 

-  J.s 

31J 

O" 

Poisson  s  ratio 

* 

Pb  (MqW)  0, 

X 

27.  f 

o*  /a! , 

* 

Pb  (FeW)  0, 

X 

Dans 1 1  y 
c  (e/rt*i 

1  5? 

Curia  point 

Tc  ("Cl 

:«h 

3'57 

ms 

23«2 

l«SS 

10. « 
-J.< 
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Eff«ct  of  tubscicucloa  of  5  aolZ  Pb(F«g .j^O.5^2 
on  coupling  f.ccora  kp.kc  of  PBFN(x/y/0)  . 


Correlation  bscvesn  Poisson's  ratio  O  1  ond  coupling 
factor  kp  In  PbTlOj  ceramics  modified  with  v.rloua 
substituting  elements . 


S  ummary 

Dielectric  and  piezoelectric  properties  of  the  x  PbTiO, 

-y  (Bi, .,Na0 -,)TiO, -z  Pb  {B  I  BO  )0,  system  with  1  moll  MnCO, 
were  experimentally  investigated. 

1)  In  the  x  PbTiO, -y  (Bi0 .,Na, )0,  system,  the  dielectric 
constant  was  smaller  than  200  and  the  Curie  point  Tc  was 
higher  than  380  *C  in  the  compositions  above  x  =  0.35. 

2)  Substituting  with  5  moll  ?b(Fe0.,Nb was  availaoie  in 
enhancement  of  the  piezoelectric  anisotropy,  Xp  =  0.077  and 
kt  *  0.457  were  obtained  in  P5FN  (20/65/5)  . 

3)  More  improvement  of  the  properties  such  as  small  dielectric 
constant,  high  Curie  point  and  large  piezoelectric 
anisotropy  can  be  expected  by  adjusting  amount  of 

Pb  (Fe0 . ,Nb0 . , ) 0,  and  MnCO,  additive. 
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Effects  of  Shape  and  Volume  Fraction  of 
Closed  Pores 
on 

Dielectric  Loss  Tangent,  Mechanical  Quality 
Factor  and  Electromechanical  Coupling  Factor 
of 

Dielectric  and  Piezoelectric  Ceramics 
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EFFICIENCY  OF  PIEZOELECTRIC 
CERAMIC  ACTUATOR 

Sadayuki  TAKAHASHI 
NEC  Corp. 

Introduction 

In  orcJ*r  to  ooerat#  Hi*  p«»*o***ctrtc  ctiamic 
<ci«»o>  in  a  »-i»e  modern  rrrmrge  oi.c»».,.  cireuii  n 
required.  A  conyenllonel  circuit, lm«re»er. unu««o 
stored  energy  In  me  ectuelor  In  e.ery  dl.cnerge  cycle. 

Th*  pr«»*nt  *tuay  rtooMi  •  n#w  drtiinq  circuit 

which  con  f.co»«r  unv.td  «lor*0  *n*rgy. 

Conventional  Driving  Circuit 
swi 


(o) 


l  bJ 


tc» 


U± 


1  SW2  [  Jji, 

N  vt  a 

Li_LT 


VollH»<« 


Oil* 

•  •3  •>’ 


«.  »,  -  I 

1 

Oisplacein«"t 


0  —  1 
llcvr  Driving  Circuit 

mi  1  v-  LJ 


Actual  fctjmv altMil  Lucmt 


’ll, 

.  VrK 

Vutl«H|C 

.  /  *  \  ct, 


I  -• 


Cut  i  cut 


lee  ll>«  Hi-  >•  (d|«  •  |ltll  al  #•••>*»  *•  ••!>  ••  W*1  lie#  ••««»••••* 
•  VI  It  leu  Il>d»  H‘*  t«n,Mtd  *••••«» 


For  W  •  0 


es*eo  r idi 

Er*E0/T't  Midi 
Li  *  /0T/I  (RL*Rc>  I’  dt 
L,  •  j'/2  (Rl*Rc»  I*  <»' 

M„*  k*  Ej 

kz  :  coupling  const. 

E„-  E$  *  (Mfi  *  L.) 

R.(E,,»(M„-W))-(Er*Lj) 


2L  i> 
Rc*  Rc*  -j-  l09eT7 


Energy  Flow  C>.»rt 


I  SOSOM* 


lc»i  f  f  S fared  Mecwcw  >  !  Srone  Estrncoi 

■  v.  I  I  Lnr'r/  v,.  I  . 


I  ,n’m  *w  I 


I  |  |  Ffmnt*-  Lne’tyy 


Iftecw-trer  £>e*7y  , 


s 


J'si: 


-  1  4  i 


ft 
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Specimen 

J — w. — | 


Energy  F‘Ow  witnout  Mechanical  Loading 

j  Sam:  2.7 TTui 

£*»•».  £«  ! 


J _ 1.1 


I LM  t  (  /  Si  area  or 

»  -.  I  I 


1 5’<r»c  Ewcmcoi  ‘  ^ 

I  fcrwyy  j  :  J  — 


0.54 


o - 1  ’-1 

—6“i  53 


'  0 

.10  «  0.48 

[uo»% 

|  4*'r*xr>  t'HB'yy 
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I  1.5 
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Actuator  Temperature  Rise 

during  Pulse  Mode  Operation 


i*W|xWj  :  9x2x3 mm 

•l  i  •  0.59  ( 2  loyers) 

U  s  0.23  (4-1 
I0  r  0. 1  15 1  59  •  ) 


Experimental  Results 


Summary 


Pdf  Putse  mode  operation  without  mechanical  loading, 
56  percent  oi  the  suppled  energy  con  be  recovered 
using  a  new  circuit. 

21  percent  of  the  swooned  energy  is  lost  as  heat 
in  the  actuator. 


E  :78V,  L.IOmH.R,.:  ton 
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CERAMIC  GREEN  SHEET  PUNCHER 
USING  PIEZOELECTRIC  ACTUATOR 
Tadashi  YOSHIURA 
NEC  Corp. 

Introduction 

Muli'layer  ceramic  wiring  substrates  which  are  used 
lor  hiqn- speed  large  computer*,  ore  usually  produced 
by  ceramic  green  sheet  technologies. 

Individual  ceramic  green  sheets  used  here  hove  many 
liny  vto  holes  to  ochieve  o  three  dimensional  wiring. 
This  report  deots  with  o  high  precision  ond  high 


Punch  Fiying  Length 


^OJl  iwii  It  S  \£&  V'SQV 

§d!tS§P3 

e  ii'i  1  n— 

25 

U 

imi/dlv 


speed  green  sheet  puncher  tor  via  holes. 

The  puncher  is  basically  driven  by  piezoelectric 
ceramic  actuoiors. 

Basic  Structure 

Mu  (li  -  Loytr 
Piezoelectric  Actuator 


\ 


Oie  Fliqhl  Punch 


Punch  Flying  Length 

(mm)  | 


30  70  90  110  120  120  ( V) 


Voltage 


k  :  Soring  Constant 

W  i  Pyncn  Weight 


Punching  by  Flight  Punch 


Puncn  is  fastened  to  plate  soring 


mgnohorph  actuators 

USING 

SEMI CONDUCTIVE  FERROELECTRICS 


Kenji  Uchino  and  Mikihiko  Yoshizaki 
Department  of  Physics,  Sophia  University 
Kioi-cho  7-1,  Chiyoda-ku,  Tokyo  102 


Hiroshi  Yamamura,  Kiyoshi  Kasai,  Uaomichi  Sakai 
and  Hiroshi  Asakura 

Advanced  Materials  Research  Laboratory 
Toyo  Soda  Manufacturing  Co.:Ltd. 

Hayakawa  2743-1,  Ayase-shi  252 


•  KCTPOOC 

p  i  iioilictr  i  c  run 

AOHCSIVI 

CLAST  1C  SHIM 


-MONOMORPH  PLAT* 


Eiicnor  bakm ■  c*  rioou  ro«  »  monomopph  ocvicc. 


Metal  Monomorph  Metal 


SnuctuKCS  or  »  iimohm  <*)  «mo  »  mohohorrh  »ciu«io«  (»>. 


METAL  ELECTRODE 


-  MONOMORPH  PLATE 


FIELD  CONCENTRATION 


L/2  0|  t«/2  z 


e  (Z)  C  z  -  t,  3 

l.  >. 

< - t,  <  Z  <  —  ) 

2  2 

i.  -  C  Virf-  t#.*v)  ] 


Principle  of  monomorph  benoing. 


LkWv.  L 


*  L  4  *  ■»  »  X  A 


in  a.*' vn*»Ln*  -Tk‘  ■ 


.  -  »  **  O  •  V  ■ 
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Llcvidtiinnonl  "(  Ulucli  osli  ic l i v c  Cm  anncsj 


S  .Inin  in  a ,  K  Mm  nl.t  ami  J.  Walanalio 
llilaclii  Metals  Lid. 


Ulijc<-1  : 

I  ii  nil  lain  I'  7  1  rci  a  in  ic"  ivil  li  b  i  lie 
Strain  lui  intzu u  let. 1 1  ic  aclualui. 

Media  IH5III  (or  lI'Q  pirznclL-cti  ic  stiains  : 

II  (usual  piezoelectric  strain 
(2  )  (Inina  ill  i  oni  jpnl  a  linn 

Cl)  v i* I n ill o  rliaiici!  i'f  unit  cell 

a  cco  lima  ii  i'li  ivllli  idiaso  transition 

(tix.  Al'li-I'K) 

(4 )  clccti  osli  icllvo  strain 


Fi«.l  Composition  depeiidcco  of  strain 
after  poling 


Anlilci  ruclcclric  ( A 1- U )  —  l:cr r oclcclr  ic  (TE) 
Phases  Cucxisunc  PZTCcriunic  ; 


tOtAHIZAflOM 


t - O  \ 

)  l-l*  stale 

i  —  »  / 

A - 0  \ 

)  AFE  state 
o  —  f  1 


Composition: 

(l-i0Pb(Zr,Ti,-)O,-XSrtNiiZD4.|Nbi)Oi 
X-^0  1 5  Z^o.25 


Ferroelectric  Hysteresis  Loop  ft>-ELoop): 

y-flS5  y-QSI  y»06fl  yHl62  y-06S 

rtrMm wz. 


Poi&ruCAtioo  \  • 

w/ cm vdtf.i  FE-AJt  Coexisting  PZT 


L 


Electric  Field 
(kv/ca/di 


INVERSE  ELECTRIC  FIELD  IkV/cm) 


Fi*.  2  Inverse  electric  field  dependence 
Of  strain  at  E*lOkV/cm  and 
5.  TkV/cm 


Fie. 3  Composition  dependence  of  strain 

after  inverse  elccLric  field  arc  applied. 
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Summary  : 

1.  U  was  found  that  a  largo  strain  can  be 
obtained  using  electrically  induced  phase 
transition  in  the  FE~AFE  phases  coexisting 
corain  ics. 


2.  The  typical  value  of  the  transverse  strain 
of  tins  material  is  l*lt)‘J  at  lOkWcm. 


■  ui «  at.  mr  vnnwi  vm.,,iL’i  *.r 
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TEMPERATURE  DEPENDENCE  OF 
ELECTR03TRICTI0N  UNDER  HIGH  u  10 

ELECTRIC  FIELD  | 

<r 

K  A3E.  0  FURUKAV.A.  M  KA7SURA  ° 

and  K  INAGAKi*  « 


TostiiOo  Corp  ,*  Mar  con  Eiectron.es  Co  Ltd. 

TEMPERATURE  COEFFICIENT 
OF  ELECTROSTRICTION 
(  lii  ) 

1  S  dT  ) 


r  5  3  +  rP5  "  .l.ctr.e  I..14 

* :  polarisation 

S  *  OP2  S:  clactrottt iction 


r  5 

o 


10  20  30 

temperature  (*C) 


L  -  i  i£- 2— t  — + p2 — + f4— ) 

S  dt'o  di’a+aep^srp4  dT  dT  dT  Figure  J  Temperature  dependence  of  a, A 


1  I  301  I  2  ,da  .  dB  -ndT.I 


jo  dT j  jaOAP2  ♦  5rP‘'  dT 


ond  r  in  E  *  aP+APs+rP5. 


20'C 

f  02 

E 

u 

Z  0* 

’igu'e  2  Electric  lield  vs  oolonzoiion 
lor  modified  EoTiOs. 


TEMPERATURE  (*CJ 

Figure  ¥  Temperature  dependence  of  a  ,  A 
and  r  in  E  *  flPt  AP3  +  TPS. 


ToDle  !  Volues  of  a  ,  £  ono  r  m  E*  aPtjf^rF'  01  20  *C 
ond  their  temperature  coefficients 


Sompla 

Moail  ieu 

MOOll  itfQ 

BoTiOj 

a  i  )0*  IVmC"1 ) 

a  38 

a  3 1 

0  1 107  ( Vm5C'3  1 

-3  39 

5  at 

r  «I09  (Vrr9C's) 

3  46 

67  4 

»a/3T  »  l06(VmCMKM) 

0  042 

0  1  57 

i/3/iT  «  l07(VmiC'5K'1 1 

0  09  5 

4  1  54 

3T/3T  i  l09(Vm9C‘SKM) 

0  0024 

1 

O 

CD 

Figure  o'  Calculated  curves  of 

- =-i - -  t*2.+pt2±^p*»L  ) 

a  +  3flPz»5  7P"*  v  »T  jT  aT  ' 

os  o  function  of  electric  field  . 

CONCLUSION 

For  a  multilayer  eleclroslnclor  using 
modified  lead  zinc  mobole 

I  Temperalure  coefficient  of  eleclroslrtclion 
<  1 2*i  /  *C  ol  20®C 


2  Ulilizalion  under  high  eleclnc  field 
fovoroble  for  lemperalure  slabihly 
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PREPARATION  AND  CHARACTERISTICS  OP 
nev  monomorph  ACTUATOR 

4 

K.  SAKAI,  K.  KASAI,  YAMAMURA  And  K.UCHINO 
Advanced  Material  Research  Laboratory, 
Toyo  Soda  Manuf actuar i ng  Co.,  LTD 
and  Sooh i a  Uni  vers i ty 

A3STRACT 

Bending  pnenoaenon  was  newly  ooserued  >n  a  single 
ceraaic  plate  of  S1T1O1  which  was  doped  by  saait 
aaount  of  SiOt  and  AljOj  or  ^tbgOs.  The  bending  node 
aiy  occur  by  the  presence  of  potential  barrier 
between  silver  electrode  and  ceraaic  sea t conductor . 
as  a  result  of  i nnoaogeneous  distribution  of  an 
electric  field  and  also  by  i nhoaogeneous 
polarization  in  oxidized  surface  layer. 

Introduction 

There  are  two  aoues  of  ceraaic  actuator,  that  is. 
longitudinal  ana  benomg  oooes.  The  bending  aoae 
can  be  reanzetf  <n  the  tnaoron-or  unimerpt)-  type 
eteaents.  Fig.l  shows  a  scneaatic  diagraa  of  the 
umaoroh  -type  eieaent.  On  the  other  hand,  in  the 
present  study,  it  was  found  that  the  ceraaic 
single  Plate  of  BiTiOj  which  was  dooed  by  saait 
aaount  of  SiOg  and  AljOi  or  IbgOs  showed  the 
benomg  effect  by  aoolymg  external  field.  (Fig-Z) 

fiUMitctne 


Rfui  mu 


rig.J.  A  scneaatic  diagraa  of  me  un.iorpn- 
type  eieaent. 


Tig.;.  A  scneaatic  d'iiraa  of  the  aonoaoron- 
tyoe  eieaent 


£  X  P  Z  R  :  M  £  N  T  A  L 

After  BxTiOi  was  oali-aiiied  win  5  ■oiae  S 1 0 g 
a  no  2-5  ao l %  Al?0».  me  powof f  was  t u00er • pressed 
to  coao;cls.  Smter, ng  was  p*rtoraed  at  :2S0TJ 
for  various  Period*.  !  to  15  nrs.  in  air.  BaT>0j 
oooed  Oy  <0*0*  (0-1  to  1  it9£)  -as  also  preoared 
,n  the  siaiiar  procedure  aoove-aen i « oned .  Sintering 
was  Dertoraeo  at  1500*C  for  I  nr.  Metal  eiectrooe* 
such  as  *1,  *u ,  Cam  were  used  to  cnec*  me  eiectroue 
effect-  Bending  effect  was  aeasured  oy  non-contact 
sensor  aetnod.  The  saooie  s i 2e  aeasured  was  40  aa 
length.  IS  aa  width,  and  0.5  aa  thicaness  The 
•easufeaent  was  orocedured  at  me  position  of 
28  aa  far  froa  me  lived  end. 


lor  the  saaete  with  Ag  eiectrooe- 
Oisolaceaenl  was  aeasured  Oy  contact  aeinod 
using  oo ten t i oae ter . 

а)  hon-flooed  laTiOg. 

б)  S  ao I ?e  S 1 0|  ana  2  ao I  %  *  i  f 0 »  oooec  BaT ■ 0 , . 


fig. 4.  Eiectrooe  oeoenoence  of  a ■ so i aceaen t - apo i i ec 
eiectric  field  Chirac  ter i sti cs  for  me  S<0t* 
»i»0i  doped  la* < 0 , . 
a  ;  Ca  •  i  n  ,  £a  •  '  n  ■ 

0}  Au  *u. 

c)  Ca-*«.  Ag  a  s  paste  was  ‘  i  rec  at  ?50^>. 


-V.  V-  .'.A  j  v.-.-.v. .•  . 


t  *  eC  If  om 


Fig. II.  Diagrams  of  two  different  types  of 
bending  mechanism. 


Summary 

1.  We  got  a  new  type's  actuator  of  bending  mode, 
which  could  occur  bending  phnomenon  in  a  single 
plate  of  ceramics-  Ve  named  it  "MQNOMORPH”  . 

2.  t'e  can  guess  that  it  may  occur  by  two  ma  lor 
mecnan i sms  as  foil  owe  , 

a)  Presence  of  potential  barrier  between 
silver  electrode  ana  ceramic  semiconductor. 

b)  Presence  of  resistivity  distribution 
as  a  result  of  i nnooogeneous  oxidation. 
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applications  of  polymers  to 

VLSI  PACKAGING 

•  INEXPENSIVE 

•  EASILY  FORMED 

•  SOLOERABLE 

•  HIGH  DIELECTRIC  STRENGTH 

•  LOW  DIELECTRIC  CONSTANT 

L ion*  i  n . 

G «»«.»»(  C— (.»«3 

LASER  PROCESSING  OF  POLYMERS 
FOR  PACKAGING 

•  metallization  by  laser  deposition 

.  non-contact 
.  MASKLESS 

-  LOW  TEMPERATURE 
.  SELECTIVE 

.  GOOD  STEP  COVERAGE 

•  POLYMER  MACHINING  BY  LASER  PHOTOETCHING 

-  SELECTIVE 
.  MASKLESS 

.  LOW  TEMPERATURE 
.  NON-CONTACT 

-  HIGH  RESOLUTION 

requirements  of  polymers  for 

ELECTRONIC  PACKAGES 

<  PROCESSABILITY 

•  ADHESION 

•  HIGH  oielecric  strength 

•  MOISTURE/ SOLVENT  RESISTANCE 

•  THERMAL  STABIUTY 

•  PATTEHNABLE 

•  REWORKABLE 

LASER  ASSISTED  PROCESSING 

LASt"  *1** 


:v w  '  0<KJ*"0MtTAUiC 

:j-  .  vapo* 


EXCIMER  LASER  PHOTOETCHING  OF  POLYMERS 

C 


(III  jiclww 


i! - , 

* - — ~ —  '  Poijmer 

Bend  1 

T«mc>»>atw'a  •"*••••«  y  **  F*** 
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Pti«ioetcn»d  PM 


FACTORS  AFFECTING 
PHOTOETCH  RATE 

•  LASER  FLUENCE 

•  ABSORPTION  COEFFICIENT 

•  POLYMER  STRUCTURE 

»  LASER  WAVELENGTH 

EXPERIMENTAL  DETERMINATION  OF 
PHOTOETCHING  RATE 


SPIN  COATED 
POLTME/WC  LAYER 


0VAPTJ 

SUBSTRATE 


CTCM  DEPTH  PER  PULSE 

THRESHOLD  DAMAGE  LEVELS  for  VARIOUS 
FILM-SUBSTRATE  COMBINATIONS 
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SAMPLE 
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Al  OH  POLY1MIOE 

193  nm 

300 

SI.  SiOi 

193  nm 

>400 

Al  on  SI 

19  3  nm 

>400 

A>  OH  MYLAR* 

308  nm 

140 

Cr  OH  QUARTZ* 

308  nm 

340 
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EXCJMER  LASER  PHOTOETCHING  CF 
POLYMERIC  MATERIALS 
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PHOTOETChUlG  OF  POLY  (--METHYL)  STYRENE 
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DIFFERENT  ETCH  WAVELENGTHS  HAVE 
DIFFERING  ETCH  RAILS 


ETCH  OIPTh 
PER  PULSE 


PHOTOETCHING  STUDIES 


100  mJ 

FLUEMCE  (mJ  icm'| 


INTERMEDIATE  ABSORPTION  COEFFICIENT  clCAII 


GIVE  THE  HIGHEST  ETCH  RATE 


PHOTOETCHING  OF  VARIOUS  POLYMERS 
(200  mj/cm*  12  ns  PULSE) 


ABSORPTION  COtMIClENT  |Cm*  \ 

there  exists  a  GENERAL  POLYMER  etch  rate  versus 
ABSORPTION  coefficient  CURVE  for  many  polymers 


CHARACTERISTICS  OF  LASER  PHOTOETCHING 


PHOTOETCHING  OF  POLYMER  BLENDS 
(193  nm) 
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FLUENCE  (J/cmj) 


•  A  FLUENCE  THRESHOLD  EXISTS  FOR  PHOTO  ABLATION 

•  AT  LOW  ABSORPTION  COEFFICIENTS.  LITTLE  ETCHING 
OCCURS  SINCE  A8SORBED  ENERGY  PER  UNIT  VOLUME 
IS  TOO  SMALL 

•  AT  VERY  HIGH  ABSORPTION  COEFFICIENTS.  PHOTONS 
DO  NOT  PENETRATE  THE  POLYMER  ANO  LITTLE 
PHOTOETCHING  OCCURS 

•  THE  MAXIMUM  POLYMER  ETCH  RATE  OCCURS  AT 
INTERMEDIATE  ABSORPTION  COEFFICIENTS 

•  FOR  PRACTICAL  APPLICATIONS.  THE  POLYMER  ETCH 
FLUENCE  MUST  BE  LIMITED  TO  AVOlO  OamAGING 
UNDERLYING  COMPONENT  MET ALLJZ  ATlON 


CONCLUSIONS 


•  EXC1MER  LASER  RADIATION  CAN  BE  USED  TO 
PHOTOETCH  WITHOUT  DAMAGE  TO  VLSI  CIRCUITS 


SMALL  AMOUNTS  OF  POLYSTYRENE  (PS)  •  POLYMER  ETCH  RATE  CAN  BE  OPTIMIZED  BY 

IN  POLYMETHYLMETHACRYLATE  (PMMA)  .  ADJUSTING  POLYMER  ABSORPTION  COEFFICIENT 

DRAMATICALLY  ENHANCES  THE  ETCH  RATE  OF  PMMA  .  ADJUSTING  IRRADIATION  WAVELENGTH 
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Beer  phase  pure  porovsklte  Lead  Kagntslua  Nlobate  (PUN)  we* 
produced  by  reacting  Pto  with  Kgiib^  u  8oo*c.  po-cor  x-r*y 
dlffrsctlon  studies  support  the  conclusion  of  sn  earlier  study  that 
excess  H|0  produces  the  hl|hest  percentage  perovsklte  phase  PHH . 
Dense  ceraale  was  prepared  for  character! cation  by  ainterlni  at  1200*c. 
Scanning  electron  spectroscopy  coablned  with  energy  dispersive 
spectroscopy  wire  conducted  on  both  fractured  and  polished 
cross  sections  in  an  accecpc  to  confirm  the  observations  of  Coo. 
Depth  profiling  on  intergranular  fracture  cross  sections  was  used  to 
derteralne  the  average  level  of  excess  PDO  and  MgO  In  the  grain 
boundary  region  as  character 1  red  by  secondary  ion  case  spectroscopy. 
Hlcrostructursl  and  dielectric  constant  Information  is  discussed  as  to 

the  effect  of  excess  PtO  and  Mgo  on  pmm  ceraslc. 
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figure  a  .  The  SI*IS  a»pl*  prolife  on  the  r**-SfPbO  a»~ftr»d 
■urfact  fputi«r«a  wt tn  argon  for  3 00  ainniaf  u 
an  eolation  currant  of  30  ok. 


ftftfro  W.  The  SIHS  depth  proIffs  on  th«  m*-ST0  #g -fired 
•wrfat;*  sputtered  elth  arson  for  ?  hour*  at 
ait  eo l salon  eurront  or  »0  mk. 
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figure  I),  IM  SIMS  Moth  profile  of  (•>  *4N-;tPbQ. 
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f Igur*  13.  TM  SIHS  depth  profile  of  (f)  PHIHSfPbO. 
SOX  gated  and  0  I  it  EC. 
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flfura  13.  7h*  SI«S  depth  profile  of  (e)  p**-5Sm«0. 
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flfura  »3-  The  StHS  depth  promt  of  U)  P**-2SHfO. 


flfura  13.  Th*  SIMS  dapth  profile  of  (d)  PtW-iOlHfO. 
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ABSTRACT ;  TAe  effect  of  tew  11  «dd itioni  Of  tn.velent  «f tllttt  i«0orttre«  on  the  electric*! 
conductivity  Of  8*1 10,  H*l  been  ttudied  for  MmOlei  nivlm)  to  e*cetl  of  eltner  8*0  0*  HCj. 
The  orooert  let  Ch*«oe  flfidUi H v  with  the  ionic  r*3iuS  0*  the  t  'e\  .  mrtic*t’ng  lR»il 

those  of  >nif"«ednte  size  occupy  both  ft*  *i>d  Ti  sites  in  vjfymg  emounts  th*t  depend  on 
the  8*/Ti  retio. 
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CONDUCTIVITY 


OBSERVED  RESULTS  vs 
PREDICTED  BEHAVIOR 

(  LEwIS  S  CATLOW  ] 
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SU/HAfiY 

1.  LARGE  H*3  :  LO*3,  NO*3.  Sm*3 

Occuoy  Ba-sites 
Donors  -  semiconductors 

2.  SHALL  H*3  :  41  5-  Sc  3-  YD  5 

O.cuoy  Tl -sites 
Acceptors  -  Insulators 

3.  1  tlTEWSEDI ATE  site  :  Y*3.  Er*3 

Con  occupy  eltner  site 
Division  oeoenas  on: 

size 

Ba/T i  ratio 

Cor,  oe  Insulator  or  seniconpuctor 
R.  Less  sel f-coroensatlon  tnan  creaicteo  Dy  tneoretlcol  calculations 
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LIXE  -  FOCUS -BEAM  ACOUSTIC  MICROSCOPE  SYSTEM  FOR  NONDESTRUCTIVE  EVALUATION 
OF  ACOUSTIC  IKHOMOGcNEITY  ON  PIT  WAFERS  FOR  SAW  DEVICES 
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The  1  tne-f ocus-baa*  acoustic  microscope  iyitu  hu  b**o  developed  which 
cjo  inspect  elastic  properties  o t  eeceriAle  over  «a  uei  of  55ee  1  5S« 
with  %  MUuriMat  accuracy  better  then  1 0.031  la  velocity  aeesuraaects. 
The  evaluation  of  acoustic  Ifihoaofeneicy  on  P3T  cerasttc  wafers  for  SAW 
devices  has  been  Bede  successfully  with  this  systsa.  Largs  variations  is 
SAW  velocity  have  been  detected  on  s  wafer  staple  sad  also  »aos|  wafers. 
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ELECTRICAL  PROPERTIES  OF  CSr.Ca.5TiO,  BASED 
CERAMIC  VARISTORS 

N . YAMAOKA.  M.MASUYAMA.  AND  J.FUNAYAMA 

Central  Research  Institute.  TAIYO  YUDEN  CO. .Ltd. 
1660  Kamisatomi.  Haruna  -nachi  .  Gunma-Ren.  Japan. 


ABSTRACT 

Electrical  properties  of  CSr . Ca)f iOa  based 
ceramic  varistors  were  investigated.  Surge  abso¬ 
rption  characteristics  of  samples  of  which  the 
basic  semiconductive  ceramics  were  fired  in  two 

reducing  atmosphere  were  examined  in  relation  of 
to  the  resistivities  of  the  semiconductive  cera¬ 
mics.  the  impedance  of  the  ceramic  varistors  and 
so  on.  The  resistivity  was  0.140cm  at  sample(A) 

or  0  .  0  9  Q  c  m  at  sampleCB) .  respectively.  The  res¬ 

istivity  was  decreasing  with,  increasing  of  Hi 
concentration  in  the  firing  process.  The  surface 

resistance  of  the  semiconductive  grain  after  a 
diffusion  process  was  5  .  S  K  C2  at  sampleCA)  or  2.1 

Qcm  at  samp l eCA) ,  respectively.  SampieCB)  indi¬ 
cated  anexcellent  surge  absorption  characteris¬ 
tics  in  the  region  of  high  impulse  surge  voltag¬ 
es  compared  with  that  of  sample(A) .  The  depress¬ 
ed  voltage  was  230V  at  sampleCB}  or  340V  at  sam- 

P 1 e  C  A  5  .  respectively,  when  a  high  impulse  surge 

of  5000V(3/20ti  s)  was  supplied  to  samples.  The 
difference  of  this  depressed  voltage  is  origina¬ 
ted  from  the  resistance  of  the  semiconductive 
grains. 


I  N  T  R  O  D  U  C.  T  I  ON 

Micros: rtci arts  and  some  electrical  properties 
of  SrTiO,  or  CSr.Ca57iC,  based  ceramic  varistors 
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current  or  a  high  voltage  surge. 

In  this  work,  we  present  the  varistor  charac¬ 
teristics  in  a  high  impulse  surge  region  in  the 
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EX  PER  I  MENTAL 

The  starting  m 
high  purity  mate 
and  s  m  a  1  1  amount 
n  e  n  t  s  were  weigh 


a  t  e  r  .  a  1  s 


in  t  n  ;  s 


3  of  SrC: 

a  d  d  i  t  ive: 


weighed  respect  i  v  e  1  y  and  the  powder 
re  b  a  1  1  ji  :  1  led.  The  mixed  p  o  w  d  e  r  s  .  .v  ; 


mixtures  were  ballmilled.  The  mixed  p  o  w  d  e  r  s  .  .v  ;  t  h 
an  aproupr  i  at  e  organic  binder.  were  pressed  into 
tablets  under  a  pressure  of  1 0 • ? a .  After  burning 

the  binder.  the  tablets  were  fired  at  a  tempera¬ 

ture  of  1330 'C  -1420  “C  in  9  8  5*6  N,  -2  5*&  Hr  or  S  0  N  ,  - 
1  Q  ^  Ha  atmosphere  .  respectively.  In  order  to  make 

B  L  structure.  a  paste  including  N  a  4  0  was  printed 


fmiconduct i v e 


1  Q  ^£1  Ha  atmosphere  .  respectively.  In  ord 
3  L  structure.  a  paste  including  Na*0  w 
on  the  surface  of  the  based  semiconduc 
mics.  The  printed  specimen  were  heat  t 
1150  "C  -1250  *C  in  air  for  the  grain  bou 
ffusion  of  the  printed  materials.  i.n-C 


mics.  The  printed  specimen  were  heat  treated  a 
115  0  "C  - 1  2  5  0  *C  in  air  for  the  grain  boundary  d  i 
ffusion  of  the  printed  materials.  in-Ca  a  I  i  o  y 
were  attached  to  the  surfaces  of  tnc  s  c  m  i  c  e  n  a u  c  t 
ive  ceramics.  for  the  measurement  of  the  res  is 
tivities.  The  surface  resistance  of  the  based 


ive  ceramics.  for  the  measurement  of  the  resis¬ 

tivities.  The  surface  resistance  of  the  based 
semiconduc: ive  grains  were  measured  using  a  mic¬ 
ro  manipulator  after  the  metaloxido  diffusion. 
Silver  electrodes  were  fired  on  the  surfaces  of 

the  ceramics.  The  capacitances  were  measured  by 

a  capacitance  bridge.  The  impedance  at  various 
frequency  was  measured  using  an  impedance  ana  1  y  * 

ser(YHP:model  -  4191)  .  The  current  was  measured 
by  an  amp here  meter.  A  standard  impulse  wave  of 

8  /  2  0  >u  s  in  width  was  used  to  examine  the  surge 

capabilities  of  CSr.CaJTiOo  based  ceramic  varis¬ 
tors.  Production  flow  chart  is  shown  in  fig.-l- 


r  igure-i 
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CONCLUS  1  ON 

The  impulse  surge  absorption  capabilities  of 
(Sr . Ca)T iO>  based  varistors  were  examined  in  the 
relation  of  other  electrical  characteristics. As 
The  two  samples  were  fabricated  by  the  differe¬ 
nce  of  the  reducing  atmosphere  in  the  firing 

process  of  s e m i c o nd u c t  i  v e  ceramics. 

As  the  results. 

1.  The  resistivity  of  the  oasic  semiconductive 
ceramics  was  0  .  14  il  cm  '  at  sampled)  or  0.09 
Cl  cm  at  sample(B)  .  respectively. 

2.  The  impedance  at  the  resonant  frequency  of 
the  ceramic  varistors  were  I  2  0  m  C2  at  sample 
C  A  }  and  S5m  fl  at  sampleCB).  respectively. 

3.  1 -V  curve  of  sample(B)  showed  a'more  abrupt 
uprised  line  in  a  high  current  region  comp¬ 
ared  with  another  one.  Whereas.  it  was  al¬ 
most  the  same  in  the  lower  region  below 

1  0  0  0  V  . 

4.  The  surface  resistance  of  the  semiconduct¬ 
ive  grain  was  2.1KO  at  sample(B)  or  S.SKQ 
at  sample(A) .  respectively.  It  is  supposed 
that  a  flowing  current  through  the  grain 

of  sample  CB)  is  ab.2S0A/cm*  at  2000V  rough¬ 
ly.  This  value  seems  to  be  corresponding  to 
that  in  the  I  -V  curve  of  the  varistor. 

5.  When  the  impulse  voltage  of  5000V  was  supp¬ 

lied  to  samples,  the  depressed  voltage  was 
340V  at  sampleCA}  or  230V  at  sample(B).  re - 

spec  t 1 ve 1 y . 

As  a  conclusion.  It  is  considered  that  the  defT- 

erence  of  surge  absorption  capabilities  between 
sampled)  an/  <B}  Is  originated  from  the  resis¬ 
tance  of  the  based  semiconductive  ceramic  grains. 
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Weapons  Systems  Researcn  Laboratory.  Defence  Science  and  Tecr.no  l  og  y 
Organization,  Defence  Research  Center.  Salisbury 

A3 S7RAC .  i  A  ? C T  Pol yrm*  Composite  Hydrophone  Matrix  has  beer,  developed.  1  r. 
comparison  to  other  r.ew  generation  materials,  it  has  the  highest  acoustic 
performance.  External  tests  have  been  performed  by  N.R.L..  Orlando,  U.S.A. 
and  Plessey  Naval  Systems  {?.N.S).  U.K.  to  assess  the  materials  for  Navy 
Hydrophone  Applications .  The  Data  presented  here  snow  promising 

performance . 

1.  INTRODUCTION 

Traditional  Lead  Zirconate  Titanate  (PIT)  Hydrophones  and  Sensors  utilize 
geometry  and  specialized  designs  to  obtain  their  acoustic  performance. 
However,  they  have  drawbacks  of  fairly  high  density,  rigid  and  somewhat 
brittle  in  nature,  ever,  though  they  are  very  well  understood  and  are  produced 
in  enormous  quantities.  Lately  there  have  been  several  new  generation 
materials  available,  which  have  made  the  concept  of  Isotropic  large  area 
Hydrophones,  feasible  at  a  realistic  cost.  In  addition  flexible  hydrophones 
for  specialised  application  in  towed  arrays  are  also  possible.  The  "New 
Generation"  materials  have  been  thoroughly  studied  in  the  literature  and 
cover  materials  such  as 

-  Piezoelectric  Polymers  (?VOr.  etc.) 

~  Piezoelectric  Ceramics  (Lead  Titanate.  Lead  Meta-moba  te .  Crystallised 
Glasses .  etc) 

-  Polymer/Piezoelectric  Ceramic  Composites. 

The  initial  composite  work  was  initiated  and  recently  reviewed  by  R.E. 
Newr.nam  at  the  Pennsylvania  State  University.  ?.A.  l’  .  where  a  thorough 
fundamental  imvo^tig^t ion  is  continuing.  Different,  gemetnc  combination  of 
Car amic/Polym.er  have  been  tried  by  various  groups  around  the  world,  these  are 
termed  connectivities  by  the  Per.r.sy  1  vam  a  State  Wor  icers  wr»c  pioneered  the 


and  Polymer 
«w  Piezoele 


■■'hith  five  of  the  ter.  types  at  Piezoelectric  Polymer  lera-ir  Co.-pcs;tes  out  ol 


t.te  ten  are  assessed.  Properties  are  presented  m  Tati*  I 


2 .  PISS SEY  AUSTPAACA 


Plessey  became  active  m  the  manufacture  of  lane  components  where  our 


expertise  ir.  t.te  fcrm.ulaticn  and  fabrication  of  PST  Ceramics  could  be 


utilized.  The  combination  adopted  by  us  is  the  1-3  connectivity  with  ceramic 
peps  embedded  in  polymeric  phase.  In  house  formulated  piezoelectric  ceramic 
and  a  modified  polymer  were  used  to  produce  the  Composite.  Volume  fraction  of 
PIT  ranped  from.  16-CC\  with  a  nominal  pep  size  ol  Im.m!  cross  sections. 


Comparison  of  Plessey  Composite  with  other  types  of  composites  is  shown  m 
Table  Two  (Private  correspondence  with  K.U.S.C.). 


Three  hydrophones  desipnated  as  PI.  PC.  A.P3  were  sent  overseas  to  pain  an 
unbiased  evaluation  of  the  performance  of  these  Hydrophones.  A  schematic 
outline  of  the  Hydrophone  is  shown  ifi  Fipure  1. 


Two  Composite  Hydrophones.  PI  and  PC  were  sent  to  the  Naval  Research 
laboratory,  C.’.R.l)  Underwater  Sound  Reference  Detachment.  Orlando.  Florida. 
U.S.A.  for  testinp-  Then  PC  and  P3  were  sent  to  Plessey  Karine.  Templecombe , 
(PUT)  U.K.  Who  internally  arranoed  for  testinp  with  Test  Results  on  PI.  PC  and 
P3  ■  the  Admiralty  Research  Establishment.  Portland.  U.F.. 


3.  BEAMPATTERNS 


Beampatterns  were  performed  at  10  and  11.6  RHb  which  is  near  the  first  mull 
of  the  edpefire  response.  Samples  PC  ar.d  PI  were  tested  at  N.R.A..  Orlando, 
at  3C*C  whilst  ?3  was  measured  at  Plessey  Karine  (P.K.T.)  at  about  1S*C. 
These  results  are  shown  in  Fipures  2  6  3 .  As  well  P.K.T.  measured  P3  at  5. 
7.5.  9.  15.  20.  and  100  >.Hb .  These  results  are  shown  in  Fipure  4. 


4.  RECEIVER  SENSITIVITIES 


The  open-circuit  receiver  sensitivities  of  ? 1  and  PC  were  measured  at  30* C 


at  K.R.I.,  with  the  Hydrophones  oriented  at  0*  (broadside)  and  90*  and  270* 
(edpefire) . 


The  results  for  PI  are  shown  in  Fipure  5.  FC  ar.d  PC  were  also  tested  at 


P.N.S.  and  the  results  are  as  shown  m  Fipure  5. 


5.  TEMPERATURE  AND  PRESSURE  DEPENDENCE  OF  SENSITIVITIES  AND  CAPACITANCE 

The  receiver  sensitivities  and  capacitances  of  the  Hyirop.ior.es  PI  and  PC 
were  measured  at  .  1.  at  <•  C  anc  19*  C  with  pressures  cf  35  V.Pa  C.SH.Pa  and 
IC.SKPa.  The  results  of  ?1  ere  shown  m  Fipure  6&~ 
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.-.as  3ter,  measured  at  ?  .  Z  .  or.  P 1  and  7  3  ar.d 
3-  6. 

shock 

Hydrophone  5*1  has  undergone  explosive  shook  testing  a  -  N 

7.  3ISCJSSIOK 

The  beanpatterr.  results  show  that  the  Hydrophone; 
aperture  of  their  n;:r  dimension .  as  the  bear.patte: 
shape  near  the  first  r.*.ll .  Hydr  opnor.e  ?1  had  a  fault  w 
as  a  higher  dissipation  factor  and  an  asymmetric  extra  1 
at  170*  in  Figure  3. 

The  sensitivity  results  show  that  at  low  frequencies  the  Hydrophones  have  a 
flat  response.  There  was  a  resonance  problem  with  these  early  Hydrophones 
that  manifested  itself  as  a  very  well  defined  resonance  at  about  6.5  kHz. 
This  problem  has  since  been  resolved.  The  high  frequency  response  is  a  good 
approach  to  the  theoretical  sinx.'x  behaviour  of  an  aperture  as  the  edgefire 
response  indicates. 

The  temperature  and  pressure  dependence  of  the  Hydrophones  indicates  that 
the  design  will  need  some  modification  if  the  response  is  to  unaffected  by  to 
extreme  pressures.  The  ceramic  used  is  relatively  soft  Type  2  which  could  be 
replaced  by  the  harder  types  1  or  3  which  would  then  reduce  both  the  pressure 
and  temperature  variations.  The  fact  that  the  results  were  reproducible,  and 
that  the  sample  which  underwent  explosive  shock  testing  survived  with  no 
apparent  change  in  performance  indicates  the  physical  integrity  of  the 
design. 

The  acceleration  sensitivity  of  the  Hydrophone  shows  strong  structural 
resonance  of  the  mounting  plate,  however  at  low  frequency  it  is  at  least  13  dB 
and  probably  >20  d3  less  than  the  output  level  due  to  fluid  loading  on  the 
transducer.  No  special  acceleration  cancelling  features  were  incorporated 
into  this  design.  although  the  work  presented  here  refers  to  large 
hydrophones,  development  is  continuing  into  the  production  of  alternative 
configurations.  Plessey  Australia  is  associated  with  W.S.R.2*  in  the  co¬ 
operative  development  of  a  small  diameter  towed  array  with  incorporates 
flexible  hydrophones.  Projected  performance  indicate  that  the  composite  may 
be  ideally  suited  for  the  towed  array  in  that  it  may  be  possible  to  tailor 
over  a  wide  range  many  performance  criteria  such  as  sensitivity,  acoustic 
impedance  and  flexibility. 


act  a  a  theoretical 
rns  show  pood  cartoid 
h ich  manifested  itself 
. obe  on  the  beampat tern 


Acceleration  sensitivity 
typical  result  is  sr.cwr.  _ r.  f 
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TABLE  2 

HYDROSTATIC  MODE  PROPERTIES 


Property*/ 

Sample 

Kr 

33 

(1) 

hv 

dB  re 
v/upa 

t 

urn 

tan 

Sh 
( mVm 
/N)  <H 

<*h9h 
10--2 
2/N-*  ) 

Comments 

EMI 

8.5 

- 

198.6 

600 

.  02 

195.0 

2.90 

PVDF 

PENNWAL7 

11.0 

- 

2C2.S 

750 

.02 

100.0 

1.00 

PVDF 

EDO 

205.0 

- 

198. 0 

5000 

.007 

25.0 

1.10 

PBT1O3 

NGK 

38.0 

- 

197.0 

3000 

.03 

58.0 

1.10 

Composite 

PLESSEY 

232.0 

- 

191.0 

3000 

.02 

94.0 

18.00 

Composite 

SELL  LAB 

4.3 

- 

199.0 

3000 

- 

35.0 

o.os 

Tartaric 

XcJ-d 

BERLINCOURT 

295.0 

- 

194.0 

3000 

.005 

66.0 

11.40 

Sponge  * 
Ceramic 

PSU 

98.0 

- 

194.0 

3000 

- 

69.0 

4.10 

PZT/Epoxy . 

PSU 

44.0 

- 

181.0 

3000 

- 

314.0 

38.00 

PZT/Foam  » 
Urethane. 

JAPAN 

183.0 

- 

181.0 

9800 

.02 

91.0 

13.40 

Porous 

Ceramic. 

33082A 

386.0 

- 

195.0 

2800 

.02 

64.5 

14.20 

NRU  Porous. 

TYPE  I 

1300.0 

- 

218.0 

3000 

.004 

4.0 

0.20 

MXL-STD 

1376. 

Pt>Nt>206 

225.0 

“ 

200.0 

3000 

.006 

34.0 

2.30 

Lead  Meta 
Niobate. 

C)  Kv  -  9h.' 

*  Calculated. 

*  Highly  pressure  dependent. 

**  Values  £or  STP. 
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TO:  R.  C.  Pohanka 

Office  of  Naval  Research 
and 

S.  Freiman 

National  Bureau  of  Standards 

FROM:  H.  U.  Anderson 

University  of  Missouri-Rolla 

SUBJECT:  Report  on  Trip  to  Japan  to  Attend  U.S.:Japan  Seminar  on 
Dielectric  and  Piezoelectric  Ceramics 


I  arrived  at  Marita  at  5:00  p.m.  on  November  2,  19S6  and  was  met  by  T. 
Tsukamota  who  escorted  me  to  Yokahama.  On  Tuesday,  November  U,  I  spent  the 
day  at  TechnoPatent  Services  where  I  presented  a  lecture  and  discussed 
U.S. -Japan  patents.  These  discussions  were  directed  at  learning  the  patent 
procedures  in  Japan  and  how  they  differed  from  the  U.S.  It  is  apparent 
that  the  requirement  of  the  U.S.  patent  office  that  the  patent  must  be 
sufficiently  detailed  so  that  someone  versed  in  the  field  can  reproduce  the 
patent  is  not  true  for  the  Japanese  patent  office.  I  also  learned  that  a 
literal  translation  of  a  Japanese  patent  into  English  loses  so  much  that 
the  important  teachings  of  the  patent  can  be  easily  lost.  In  order  to  make 
a  meaningful  translation,  the  translator  must  understand  the  patent  so  that 
the  correct  meaning  can  be  conveyed  into  English.  These  are  probably  the 
primary  reasons  that  it  is  so  difficult  to  reproduce  the  results  quoted  ir. 
Japanese  patents. 

On  the  morning  of  November  5  I  traveled  to  Tsukuba  City  to  visit  the 
Applied  Physics  Department  at  Tsukuba  University.  I  presented  a  lecture 
there  and  discussed  order-disorder  phenomena  with  Professor  Tetsuro  Suzuki. 
Our  thermally  stimulated  current  work  which  was  previously  sponsored  by  ONR 
and  some  of  our  subsequent  automodulation  wo tk  on  PLZT,  3aTiO,  anc  PMN  was 
of  great  interest  to  Professor  Suzuki  because  it  indicates  that  the 
theories  which  he  and  Dr.  Wuttig  have  on  the  martensitic  type 
transformations  may  be  applicable  to  nonmetallic  solids.  We  are  planning 
to  initiate  an  interaction  between  my  research  group  and  Suzuki ' s  group  in 
order  to  further  explore  this  effect.  The  initial  interaction  will  be  to 
share  samples  and  data. 

On  November  5  I  visited  MIRIM  in  Tsukuba  City.  My  host  there  was  Dr. 
S.  Shirasaki.  I  presented  a  seminar  there  and  discussed  defect  chemistry 
with  Dr.  Shirasaki.  This  was  my  first  visit  to  NIRIM  and  I  came  away  very 
impressed  by  both  the  facilities  and  the  personnel.  They  discussed  with  me 
a  number  of  studies  that  they  are  doing.  In  particular,  their  work  on 
oxygen  diffusion  in  MgO  and  Al.O^  were  of  interest.  There  is  a  fun darr.-.ntal 
study  in  ZnO  varistors  in  whic^  an  attempt  to  understand  the  grain  boundary 
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structure  is  being  made.  The  10th  group  is  working  on  optical  waveguide 
materials.  They  had  previously  worked  mainly  on  LiNbO.  and  LiTaO  ,  but  are 
concentrating  on  Ba^NaNb^O^  crystals  both  as  films  and  bulk  crystals.  The 
BNN  crystals  are  of  interest  because  they  have  high  transmission  efficiency 
(-75%)  and  may  be  useable  for  pattern  drawing  in  VLSI  since  they  transmit 
green  light  well. 

I  was  told  that  some  perovskite  oxide  preparation  techn-'  ques  which 
have  been  developed  at  NIRIM  are  currently  being  exploited  by  Japanese 
industry  to  make  theoretically  dense  perovskites,  but  no  further 
information  was  offered  due  to  secrecy  restraints. 

I  was  shown  a  number  of  AIN  parts  which  had  been  made  as  a  result  of 
work  at  NIRIM.  The  substrates  were  translucent.  NIRIM  is  no  longer  doing 
work  on  AIN,  but  did  the  initial  studies  which  have  lead  to  important  AIN 
products. 

On  the  evening  of  November  6  I  traveled  to  Kyoto  to  visit  Murata 
Manufacturing  Co.  Dr.  Wakino  served  as  an  excellent  host.  I  spent 
November  7  at  the  Central  Research  Laboratory  of  Murata.  During  my  visit  I 
presented  a  lecture  and  participated  in  general  discussions  on  dielectrics. 
There  was  particular  interest  in  thin  film  dielectrics.  Y .  Sakabe  took  me 
on  a  tour  through  their  research  facilities  and  showed  me  nearly  everything 
they  were  doing.  There  was  nothing  particularly  extraordinary  in  their 
facilities,  but  it  was  obvious  that  they  are  committed  to  product 
development  and  control.  The  work  that  Murata  is  doing  in  the  area  of 
microwave  dielectrics  is  probably  their  most  significant  research  area. 

They  certainly  appear  to  be  the  leader  in  this  area. 

From  November  9  to  the  1 2th  I  participated  in  the  U.S.  .-Japan  Seminar. 

I  think  that  Drs.  Yamaguchi  and  Freiman  need  special  commendation  for  the 
outstanding  facilities  and  the  program  format.  This  was  our  3rd  seminar 
and  the  format  of  each  program  has  been  different.  The  format  of  this 
program  was  superior  to  the  previous  endeavours.  I  suggest  that  it  be 
retained.  However,  some  attention  must  be  put  to  the  "roundtable 
discussions"  since  improvements  are  needed  there. 

The  facilities  that  were  provided  by  YKK  were  by  far  the  best  we  have 
had.  I  want  to  express  my  personal  thanks  to  YKK  for  the  facilities  and 
the  hospitality. 

I  thought  the  papers  presented  at  the  conference  were  good  and 
probably  represented  much  of  the  current  Japanese  activity.  The  efforts  in 
sputtering  and  actuators  were  of  particular  interest.  From  my  viewpoint 
Japan  definitely  leads  in  these  areas. 

What  did  I  learn  at  this  meeting? 

1)  The  Japanese  have  made  tremendous  strides  towards  component 
integration  and  in  the  development  of  sensors  and  actuators.  In  my 
discussions  with  individuals  regarding  these  activities  it  is  evident  that 
many  research  organizations  are  devoting  considerable  resources  to  these 
areas.  Japan  is  the  clear  leader  in  these  areas.  If  we  are  to  have  any 
hope  of  keeping  up  in  these  areas  our  research  and  developme.n  activities 
must  be  expanded. 


4~*_  ) 

-  ( 

i 


3 


2)  The  AIN  subs  'ate  work  which  is  being  done  in  Japan  is  first  rate 
and  certainly  is  showing  the  feasibility  of  this  material  for  use  as  a 
substrate  where  high  heat  dissipation  is  required. 

3)  The  Japanese  are  very  interested  in  all  methods  for  making  oxide 
films.  This  apparently  is  a  high  priority  research  area  since  it  is 
important  to  component  integration.  The  U.S.  is  still  competitive  in  this 
area,  however  we  need  to  expand  our  efforts  if  we  expect  to  remain  a 
leader . 

4)  In  the  area  of  oxide  synthesis,  I  think  that  the  U.S.  is  still 
very  competitive.  I  had  several  discussions  regarding  perovskite  oxide 
synthesis  which  is  an  area  where  my  research  spends  considerable  time  and 
learned  that  my  knowledge  in  the  field  is  as  good  as  my  Japanese 
counterparts.  However,  I  must  emphasize  that  the  Japanese  are  moving  fast 
and  we  will  have  to  expand  our  efforts  and  knowledge  both  in  the  science  of 
organic-metallic  synthesis  of  oxides  and  in  the  implementation  of  our 
laboratory  knowledge  to  production  if  we  are  to  remain  a  leader. 

5)  In  the  area  of  dielectric  materials  the  level  of  knowledge  of  the 
Japanese  and  U.S.  participants  was  quite  comparable  except  in  the  area  of 
microwave  dielectrics  where  Murata  is  the  clear  leader.  I  think  the 
knowledge  of  the  science  of  dielectric  materials  in  the  U.S.  is  superior  to 
that  in  Japan,  but  Japan  clearly  leads  in  the  area  of  implementation. 

On  November  12  I  traveled  from  Toyama  to  Tokyo.  On  November  13  I 
visited  with  Toshiba  Ceramics  in  Hanada  City.  There  I  presented  a  seminar 
and  toured  the  research  facilities.  At  this  facility  I  saw  the  first  8" 
dia.  Si  single  crystal  boule  that  I  have  seen.  It  was  very  impressive 
since  the  puller  has  incorporated  with  it  a  super  conducting  magnet  which 
provides  the  field  to  homogenize  the  melt.  I  also  saw  some  very  dense  AIN 
substrates  and  AIN  powder.  Evidently  Toshiba  Ceramics  is  spending 
considerable  effort  to  produce  low  oxygen  content  and  sinterable  AIN 
powders. 

On  November  1 M  I  presented  a  seminar  at  Nihin  Seiji  Keizai  Chosakai  in 
Tokyo  which  is  an  organization  of  Japanese  businessmen  sponsored  by  the 
Japan  Ministry  of  Education.  In  this  presentation  I  discussed  the  status 
of  high  technology  ceramics  in  the  U.S. 

On  November  15  I  left  Japan  and  returned  home. 

I  came  away  from  Japan  with  the  same  opinion  that  I  had  four  years 
ago.  We  are  technically  equal  or  superior  to  the  Japanese,  however  we  fall 
short  in  the  area  of  implementing  a  laboratory  concept  into  a  product.  I 
feel  that  this  difference  is  due  to  a  basic  difference  in  the  miticle 
management  of  companies  in  the  two  countries.  In  the  U.S.  our  managers 
have  to  have  a  product  line  profitable  (<10?)  in  time  periods  anywhere  from 
6  months  to  3  years.  In  Japan  they  think  of  product  profitability  in  the  5 
to  10  year  range.  They  appear  to  worry  more  about  market  position  rather 
than  profits. 

I  found  the  Japanese  to  be  much  more  relaxed  than  they  were  four  years 
ago.  This  was  especially  true  at  Murata  Manufacturing  who  were  very  quick 
to  announce  that  they  were  now  the  number  one  MLC  manufacturer  in  the  U.S. 


It  is  apparent  that  they  feel  now  that  they  have  won  the  battle  in  the  U.S. 
and  view  their  major  competition  as  being  Japanese. 


I  feel  that  the  Japanese  have  progressed  well  in  the  area  of  component 
integration,  actuators,  and  sensors.  They  certainly  are  the  leaders  in 
these  areas.  We  are  going  to  have  to  hustle  in  these  areas  to  even  keep 
them  in  sight. 


Thank  you  very  much  for  the  chance  to  visit  Japan.  I  found  it  very 
worthwhile . 


Yours  truly, 


Harlan  U.  Anderson 
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TRIP  REPORT.  U  S  -Japan  Seminar  on  Dielectric 
and  Piezoelectric  Ceramics 
November  9-12,  1986,  Toyama,  Japan 

B  A.  Auld 

Edward  L.  Gmzton  Laboratory 
Stanford  University 
Stanford,  California  94305 


\.  Purple 

These  U  S. -Japan  seminars  are  biannual  meetings  between  U  S 
and  Japanese  materials  and  applications  scientists  and  technologists,  held 
alternately  in  the  U.S.  and  Japan.  The  1986  seminar  was  the  third  in  the 
series.  My  responsibilities  were  to  participate  in  the  presentations  as  an 
invited  speaker,  to  be  present  in  discussion  groups  as  a  lead  and  panelist, 
and  to  be  briefed  on  the  research  programs  at  selected  Japanese 
laboratories  (in  my  case,  NEC  and  Hitachi— both  in  Tokyo' 

II.  Seminar  (November  9-12) 

(a) 

The  talks  and  poster  sessions  were  held  in  the  magnificent 
Conference  Center  of  YKK  Company  in  Korubu  City.  In  the  mam  lecture 
hall  the  technological  level  of  the  audio-visual  facilities  was  trulv  awesome, 
as  was  the  esthetic  level  or  the  decor  The  organizational  structure  of  the 
presentations  was  innovative  and  efficient. 

Two  general  papers  (one  American  and  one  Japanese)  were  given 
in  the  first  session  These  clearly  reflected  the  general  tone  of  the  meeting 
and  the  distribution  of  the  attendees  The  American  paper,  presented  bv  a 
professor,  was  very  physics-oriented,  the  Japanese  paper,  presented  bv  an 
industrial  technologist,  was.  at  a  very  practical  manufacturing  level  Most 
of  the  members  of  the  U.S.  delegation  were  from  universities,  with  cr.iv  a 
few  from  industry,  in  the  Japanese  delegation  the  contrary  was  true  One 
Australian  scientist,  with  an  interest  m  composites  for  sensors,  was 
present. 


The  poster  session  organization  was  very  original  in  that  each 
author  gave  a  five  minute  slide  summary  of  his  poster  in  a  joint  session, 
held  before  each  poster  display  presented  in  the  corridors  of  the  building 
This  was  an  excellent  idea,  but  the  short  verbal  presentations  were  verv 
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mixed  in  quality  Many  of  the  Japanese  presentations  were  of  poor 
quality,  even  allowing  for  the  difficulty  of  speaking  m  a  foreign  language 
1  had  the  impression  that  a  number  of  the  Japanese  authors  were  there  tc 
practice  giving  talks  at  an  international  meeting  The  American  speakers 
were  generally  older  and  more  experienced 

The  posters  themselves  were  mainly  oriented  toward  material 
science  (fabrication  and  characterization  c<  ceramics,  where  the  Japanese 
excel)  At  the  seminar  itself  the  Japanese  attendees  appeared  to  be  very 
open  about  giving  details  of  their  work  (processing,  etc.)  This  was  also 
the  opinion  of  my  ceramicist  colleagues.  The  same  was,  however,  not  the 
case  for  one  of  the  subsequent  industrial  visits.  1  am  not  qualified  to  judge 
materials-onented  posters,  but  1  gave  careful  study  to  those  posters  dealing 
with  applications.  These  dealt  almost  exclusively  with  simple  mechanical 
devices— actuators,  punches,  etc.  One  or  two  (both  U.S.  and  Japanese)  had 
to  do  with  acoustic  transducers  For  me,  the  most  useful  exposure  was  to 
the  work  on  ferroelectric  thick  film  technology  by  both  Japanese  and 
American  scientists.  I  saw  several  posters  dealing  with  this  subject  and 
listened  to  some  lively  discussions  on  the  merits  of  the  techniques  currently 
used  (sputtering  (NEC  and  Kyoto),  sol-gel  (U.  of  Illinois),  precursors 
(Purdue  University).  This  appears  to  be  a  technology  that  will  have  an 
impact  on  acoustic  transducers  (both  conventional  and  programmably- 
biased  electrostrictors;  for  signal  processing  applications. 

A  striking  feature  of  the  attendance  list  was  the  absence  of 
scientists  and  engineers  concerned  with  high-tech  device  applications  (signal 
processing,  imaging,  etc  ).  and  this  was  most  pronounced  m  the  American 
delegation  This  question  was  discussed  bv  the  U  S  group  at  an  evaiuat.cr. 
meeting  at  the  end  of  the  last  day  Attempts  had  been  made  to  invite 
scientists  from  U  S  industry,  but  most  were  unsuccessful  The  conclusion 
was  that  industry  felt  they  would  give  more  information  than  thev 
received.  However,  it  was  verv  clear  from  the  Japanese  presentations  that 
they  are  very  busy  developing  and  commercializing  products  based  or,  ldc-as 
originating  m  the  U  S  and  not  being  developed  here  It  was  the  sense  o: 
the  group  that  U  S.  industry  could  profit  from  observing  first-hand  v.-r.a:  is 
going  on  m  Japan  and  should  be  encouraged  to  send  delegates  to  the  next 
seminar  (1^86;,  to  be  held  m  the  U  S 

(bj  Si-.cus ' ~m  Groups 

I  was  one  of  the  panel  members  at  the  evening  roundtable 
discussion  on  piezoelectrics.  This  began  with  Professor  Cress  nrst  asking 
the  members  of  the  group  to  state  the  topics  thev  wished  to  see  discussed 
Consistent  with  my  above  comments,  most  of  the  Japanese  proposed  verv 
practical  questions  about  the  engineering  properties  of  materials  and  their 
applications  for  very  well-defined  purposes,  such  as  electrostrictors  ;cr 
actuators.  There  was  a  very  strong  interest  in  composites  and  ceramics 


with  anisotropic  coupling  A  very  lively  discussion  took  place  on  the 
mechanism  tor  variations  in  djj  and  their  relation  to  Poisson’s  ratio  This 

was  at  quite  a  basic  level  and  involved  both  the  U  S  representatives  and 
the  few  Japanese  representatives  from  the  universities 


111.  Industrial  Visits  (November  13  and  14) 

(a)  N££ 

We  were  received  with  great  hospitality,  but  the  technical 
information  provided  about  the  company’s  activities  was  somewhat  less 
detailed  than  at  Hitachi,  where  we  actually  visited  the  laboratories 


In  the  morning  we  were  given  presentations  about  the 
organizational  structure,  were  taken  to  the  showroom  for  a  short  video 
presentation  and  a  tour  of  the  product  display.  We  then  heard  talks  on  AIN 
ceramics  for  cooling  chips,  multilayer  glass  ceramics  and  monolithic 
multicomponent  ceramics,  and  the  ceramic  ink-jet  head,  and,  after  lunch, 
talks  on  diamond-like  thin  films  and  low-firing  dielectrics.  We  were  able 
to  examine  material  samples  and  were  given  reprints  of  papers  related  to 
the  talks,  as  well  as  reprints  concerning  other  activities  of  the  company 
(underwater  transducer  arrays,  ceramic  filters,  etc.).  The  dav  concluded 
with  a  presentation  by  each  U  S.  visitor  of  his  Toyama  Seminar  paper 

(b)  Hitachi 


As  at  NEC,  the  day  began  with  a  general  briefing  on  the  laboratory 
activities  and  a  tour  of  the  exhibition  room.  This  was  followed  by  a  series 
of  laboratory  presentations  by  members  of  Dr  H  Takeuchi’s  ultrasonics 
group  These  covered  the  following  topics  piezoelectric  comrcsites. 
covering  their  flexible  composites  and  demonstrating  their  use  in 
loudspeakers,  piezoelectric  crystal  growth,  growth  n£  PbT. Or  •  h ; n  films. 


covering  the  details  and  effects  of  growth  over  metal  eiectrcc 
microscopy,  and  sound  velocity  measurement  m  bicsvstems. 
signal  processing  technique  For  the  remainder  of  the  aftern 
acoustic  waves  m  soiids  with  a  group  of  engineers,  while  the 
U  S.  visitors  visited  groups  doing  materials  research  on  LaE^ 
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IV  Visit  to  Sophia  University  (November  15) 

On  Saturday,  before  returning  to  the  U.S.,  a  number  of  us  paid  a 
brief  visit  to  Professor  Kenj  Uchmo  to  see  his  research  on  ceramic 
electrostrictors  and  their  use  in  actuators.  This  was  very  impressive 
First,  we  had  lunch  with  Uchino,  his  students  and  industrial  visitors 
(about  30  people  in  all).  This  group  spends  every  Saturday  morning 
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attending  a  seminar  bv  someone  from  industry  and  having  technical 
discussions— an  indication  of  the  serious  effort  the  Japanese  put  into  their 
work  After  lunch  we  visited  Uchino’s  laboratories  and  collected  reprints 
of  his  work  Uchino  predicts  that  the  electrostrictive  actuators  will 
eventually  replace  solenoids  in  many  industrial  applications  This  is  a 
prime  example  of  where  Japan  is  developing  commercial  outlets  for 
materials  first  researched  in  the  U  S.  Uchino  gave  me  a  copy  of  his  new 
book  on  materials  and  actuators  (m  Japanese),  a  bock  that  sold  out  its  first 
edition  of,  possibly,  a  few  thousand  copies  in  three  months  It  is  now  in 
its  second  edition  and  he  has  plans  to  come  out  with  an  cnghsh  translation 
This  would  be  extremely  valuable  for  U  S  industry  and  should  be 
encouraged 


Third  US-Japan  Conference  on  Dielectric  and  Piezoelectric  Materials 


Toyama,  Japan 
November  9-12,  1986 


Trip  Report 

R.  C.  Buchanan 
University  of  Illinois 
Dept,  of  Ceramic  Engineering 
Urbana,  IL  61801 

I .  Intro^ucti no 

Purpose  of  the  trip  was  to  participate  in  the  technical  presentations  anc 
discussions  with  the  US  and  Japanese  Ceramic  scientists,  which  constituted  the 
Third  US-Japan  Seminar  on  Dielectric  and  piezoelectri c  Materials.  It  was 
hoped  from  this  close  interaction  to  make  a  critical  evaluation  of  important 
trends  in  the  development  of  tnese  materials.  A  somewhat  more  pragmatic 
objective  was  to  assess  the  advances  in  development  and  manufacturing  of  "Fine 
Ceramics"  components  in  Japan. 

The  meeting  was  held  in  Toyama,  which  was  not  home  to  any  of  the  Japanese 
participants,  so  that  the  closer  interaction  sought  was  indeed  successfully 
accomplished.  Regrettably,  it  also  confirmed  that  most  of  the  advances  in 
manufacturing  and  utilization  of  ceramic  dielectric  and  other  state  of  the  art 
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ceramic  components  was  taking  place  in  Japan. 

Locations  visited  on  the  trip  included  Tokyo  (4  days;  Hitachi  Corp., 
Science  and  Technology  Agency),  Toyama  (4  days;  site  of  the  US-Oapan 
Conference)  and  Nagoya  (2  days;  Narumi  China,  Japan  Fine  Ceramics  Center  and 
NTK-NGK  Spark  Plug  Co.,  Ltd.).  Assessments  of  these  visits  are  included  in 
this  report.  A  side  visit  was  subsequently  made  to  China  and  is  reported  on 
in  an  addendum  to  this  report. 

II.  Comments/Ohservati  ons 


1.  Toyama  Conference 


The  conference  presentations  were  divided  into  sessions  dealing  roughly 
with  Dielectric  Processing  (Session  I),  Dielectric  Properties  related  to 


microwave,  pyroelectric,  mechanical  and  electrooptic  applications  (Session  II) 
and  Piezoelectric  properties  and  applications  (including  miscellaneous  topics 


(Session  III). 


a)  Processinc 


Emphasis  in  the  processing  session  was  primarily  on  chemical  metrocs  for 


the  preparation  and  characterization  of  (mainly)  BaTiO^  type  perovskite 
powders.  Modifications  in  composition  and  processing  to  permit  use  of  case 
metal  electrodes  (primarily  Ni )  in  multilayer  ceramic  capacitors  is  now  at  the 


commercial  stage.  Both  Murata  and  Taiyo  Yuden  offer  these  products. 


Likewise,  studies  on  modification  and  processing  of  relaxor  type  f  onm-j  1  at  i  ons 


were  very  much  in  evidence.  G1  ass-cerani c  formulations  for  use  as  Cu-cofired 


substrates  for  MLC  packaging  was  also  a  hot  topic.  This  reflects  t^e  ousn  for 
a  more  integrated  packaging  concept  to  achieve  higher  circuit  density  and 


speed.  Asahi  glass,  Central  glass  Co.,  Narumi  China;  Kyocera,  NTK  Ceramics 
and  especially  NEC  are  all  active  in  this  area. 


b.  Components 

Microwave  formulations  for  resonator  and  filter  applications  in  the  1-20 
GHz  range  were  also  featured  by  Sony,  Murata  and  other  companies.  Development 
of  microwave  ceramic  components  is  an  area  in  which  the  Japanese  have  made 
significant  strides,  benefiting  in  many  cases  from  vertical  integration  with 
their  electronic  consumer  product  lines.  Emphasis  in  the  development  of  the 
microwave  formulations  was  on  high  dielectric  constant  (40-50),  high  Q  and  low 
temperature  coefficient  materials.  Impressive  0  values  in  the  range  of  8000- 
20,000  were  reported. 

Significant  emphasis  on  the  preparation  of  thin  film  PZT,  PLZT  and  PbT i O3 
components  was  also  noted.  Deposition  was  mainly  by  magnetron  sputterina 
using  various  control  parameters.  For  PhtiO^  this  represents  a  significant 
advance,  in  view  of  the  difficulty  in  preparing  PbT 003  in  any  form  without 
cracking.  Projected  uses  for  these  films  are  as  pyroel ectri c ,  pi ezoel ect ~i c 
or  optical  sensors  and  for  device  applications.  Chemical  (sol-gel) 
preparation  of  these  films  as  in  now  common  in  the  US  (research),  was  not 
reported.  Incidentally,  Ca  modified  PbTiO-j  formulation  ( Ichi  nose-Waseda 
University)  reportedly  shows  excellent  potential  for  competing  with  or  perhaps 
replacing  Li N bO 3  for  sensor  applications.  Even  in  the  polycryst.al  1  i ne  form, 
its  large  spontaneous  polarization  and  coupling  coefficients  make  PbT i 0 3  an 
excellent  piezo  and  pyroelectric  sensor  material.  Overall,  significant 
electrooptic  use  was  envisaged  for  these  sputtered  films, 
c )  Piezoelectric  Components 

Significant  activity  in  polymer  PZT  composites  was  reported.  This  now  is 


becoming  a  commercial  product  in  Japan  (Hitachi).  Host  important,  is  the 
recent  and  widespread  development  of  PZT  ceramic  actuators.  NGK  and  NEC  (as 
well  as  others)  now  offer  commercial  PZT  actuators  for  a  wide  range  of  motor 
applications.  Much  of  this  effort  has  developed  from  the  pioneering  work  of 
Professor  Uchino  at  Tokyo  and  now  Sophia  University.  He  presented  a  most 
innovative  monomorph  actuator  based  on  charge  coupled  pnnciples.  Some 
interest  in  actuators  based  on  electrostricti ve  ceramics  was  also  in  evidence 
as  were  formulations  based  on  doped  BaT i 0 ^ •  This  emphasis  on  ceramic 
actuators  and  its  rapid  commercialization  surprised  the  US  pa rt i c i pant s .  We 
have  no  comparable  effort  in  the  US  although  the  technology  is  well  known. 

Overall,  the  quality  of  the  presentations  and  the  technical  interactions 
were  excellent.  It.  was  noteworthy,  however,  that  the  emphasis  in  the 
presentations  was  quite  different  between  the  two  sides.  For  the  US 
participants,  science  and  technological  developments  were  the  themes,  compared 
to  the  decidedly  product  orientation  of  the  Japanese  pa^ti  ci  pants .  Our  net 
gain,  therefore  was  in  seeing  how  many  of  the  ideas  developed  in  the  US 
(polymer  composites,  relaxor  formul at i ons ,  thin  film  dielectrics  etc)  were 
being  usefully  applied  in  Japan.  A  topic  worth  pondering. 


Plant  Tours 


1.  Visit  to  Narumi  China,  Nagoya  Japan 

Narumi  China  is  the  largest  manufacturer  of  fine  china  in  Japan.  This  is 
carried  out  mainly  at  their  factory  in  Nagoya.  They  also  have  a  substantial 
position  in  the  manufacture  of  thick  film  ceramic  packages,  although  only  the 
research  and  development  facilities  are  located  in  Nagoya.  I  was  given  a  tour 
of  the  china  manufacturing  line,  which  was  mainly  tableware.  The  process  was 
substantial ly  automated,  but  a  significant  amount  of  hand  labor  was  required 
for  such  operations  as  attachment  of  handles  and  feet  (cups,  jugs  etc.), 
decorating,  inspectin,  quality  control  and  shipping.  The  equipment  I  saw  was 
impressive  and  innovative,  much  of  it  being  produced  in  the  plant.  Quality 
control,  at  all  phases  of  manufacturi ng  seemed  to  be  a  dominant  emphasis. 

The  packaging  effort  was  concentrated  in  three  areas.  First  the 
development  of  screened  A 1 2O 3  substrates,  some  multilayer,  for  routine 
packaging  applications.  There  did  not  appear  to  be  any  novelty  about  tne 
materials  used,  but  all  operations  -  screening,  tiring,  trimming,  bonding, 
etc.,  were  carried  out  in  a  clean  room  (Class  II)  environment  and  were 
significantly  automated.  Most  effort  was  concert -atec  ""  this  product  are*. 
Second,  there  was  a  strong  effort  in  the  manufacture  0*  multilayer  copper 
cofired  packages.  Dr.  N'isnigaki,  research  manager,  was  instrumental  'n  tn;s 
development,  which  is  just  now  being  marketed.  The  substrate  composition  is  a 
glass  ceramic  (A1  ^On-glass-mul life)  which  s'cte^s  be'ow  1000°C  in  N? 
atmosphere.  All  processing  operations  were  being  carried  out  in  a  Class  1 
clean  environment.  I  would  guess  from  the  eager  questions  of  the  erginee-s 
that  powder  dispersion,  binder  burnout  as  well  as  tape  casting  were  operations 
not  fully  under  control.  Finally,  some  development  emphasis  in  producing  AIN, 


SiC  and  Si^f^  substrates  was  clearly  evident.  AIN  samples  were  being  hot 
pressed  above  1800°C  using  in  house  designed  equipment.  Most  powders  were 
commercially  obtained.  One  gratifying  note  was  that  most  test  equipment  used 
was  supplied  by  Hewlett  Packard. 

2.  NTK  Technical  Ceramics  (NGK  Spark  Plug  Co.)  -  Nagoya  Japan 

I  did  not  actually  tour  this  plant  since  the  piezoelectric  facility, 
which  I  wanted  to  see,  was  considered  to  be  "in  a  very  competitive 
position."  I  had  previously  toured  the  spark  plug  manufacturi ng  plant  in 
1982.  The  sensitivity  about  the  piezoelectric  products  derive  from  the  fact 
that  NTK  is  trying  to  establish  a  dominant  position  in  piezoelectric  stacks 
for  actuators  and  linear  motors,  in  composites,  ultrasonic  transducers,  knock 
sensors  and  a  wide  range  of  sensor  products.  Many  of  these  products  require 
aggressive  marketing  development.  NTK  manufacture  also  a  wide  range  of 
technical  ceramic  products  including  a  turbocharger  rotor  (which  is  now  being 
marketed)  as  well  as  other  engine  parts  from  SiC  and  SijN^.  They  have  a  very 
strong  ceramic  packaging  effort  with  NEC  as  a  major  customer.  I  also  noted  a 
wide  range  of  bioceramics  products  for  use  as  implants  and  in  prosthetic 
devices.  Dr.  Hisao  Banno  is  in  charge  of  the  research  and  technical 
development  effort. 


3 .  Japan  rine  Ceramics  Center  -  Nagoya,  Japan 

Dr.  Yoko  Suvama  (who  was  trained  at  MIT)  was  my  host  for  the  visit  to  the 
Center.  I  also  met  with  the  Executive  Director  and  the  Managing  Di recto-s  for 
the  Operating  Divisions,  namely:  Administrative  Affairs,  Information  and 
Public  Relations,  Education  and  Consultation  as  well  as  for  Research,  Testing 
and  Development.  The  Fine  Ceramics  Center  is  an  ambitious  concept  which  is 
new  even  to  Japan.  The  Center  as  a  physical  entity  is  just  being  completed 


(due  for  occupancy  in  March,  19b7).  It  consists  of  a  brand  new  five  story 
edifice  which  will  house  well  equipped  research  laboratories,  administrative 
offices,  educational  and  display  rooms.  Some  50-70  scientists  and  technical 
personal  will  operate  the  center.  Sponsorship  is  by  the  central  government, 
local  government  and  well  over  200  companies.  (I  have  in  my  possession  a  copy 
of  their  foundation  publication  which  lists  all  the  sponsors  and  also  contains 
a  first  rate  write-up  on  bioceramics  development  in  Japan). 

Among  the  objectives  of  the  Center  are:  Establishment  of  a  technical  data 
bank  with  on-line  retrieval  service;  development  of  procedures  for  testing  and 
evaluation,  leading  to  standardization;  sponsoring  of  research  conferences  and 
seminars,  including  international  cooperation;  and,  basic  research  and 
development  in  fine  ceramic  systems.  This  last  function  in  rry  view,  is  an 
attempt  to  address  the  question  of  the  perceived  lack  of  basic  research  and 
innovation  in  the  Japanese  Ceramic  Industry,  but  in  any  event  there  seems  to 
be  a  serious  committment  by  all  parties  to  the  success  of  the  Center.  Fine 
Ceramics  has  thus  been  targeted  as  a  major  thrust  area  going  into  the  21st. 
century. 

A.  Hitachi  Corp.  -  Tokyo 

Hitachi  is  a  very  large  and  diverse  corporation,  hence  our  visit  was 
fairly  narrowly  focussed  to  mi crnel ectroni cs  concerns.  Dr.  Takeuchi  was  our 
host.  Much  of  his  previous  work  has  been  in  piezoelectric  materials  a"d  it  is 
of  significance  that  he  has  recently  been  shifted  to  the  9th  Department, 
Medical  Electronics.  There  was  in  fact  a  strong  emphasis  on  use  of  ultrasonic 
techniques  for  medical  diagnosis,  using  piezoelectric  compostes  (3-1  in  a 
planar  mode)  as  transducers.  Other  piezoelectric  materials,  including 
sputtered  (and  epitaxial)  PbTi 0 3  films  were  also  being  used.  The  medical 


diagnostic  effort  seem  well  advanced  and  we  were  shown  a  number  of  prototype 
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machines.  Deposition  of  ceramic  films  by  sputtering  or  CVD  processes  seem  to 


be  a  major  effort  of  this  group.  We  were  told  that  there  was  a  serious 


development  effort  on  diamond  fims  (different  group)  as  a  potential  device 


and/or  packaging  material.  Plasma  CVD  T  i  S  2  fils  were  being  deposited  (with 
Cd 1 2  structure)  for  use  as  electrolyte  films  in  solid  state  lithium  batteries 
(Li  /  L  i  3  gSig  ^Pq  ^O^j/TiS^).  Stoichiometric  films  with  preferred  orientation 


and  desirable  electrochemical  properties  were  reportedly  obtained.  Other  film 


work  included  ZnO  sputtered  films  for  transducer  application:  Au /'ZnO/Au /fused 


quartz  which  was  said  to  have  a  very  high  efficiency.  We  were  also  shown  LaB^ 


crystals  produced  for  electron  emitter  tip  elements.  Hitachi  has  substantial 


market  in  this  product.  As  an  aside,  we  were  told  that  a  fairly  constant  8.1% 


of  sales  was  ploughed  back  into  research.  Again  much  test  vacuum  and 


sputtering  equipment,  which  we  saw  in  the  laboratories,  was  supplied  by  US 


companies. 


5.  Science  and  Technology  Agency  -  Tokyo 


My  visit  was  to  the  Science  and  Technology  Promotion  Bureau  (Policy 


Division)  of  the  Ministry  of  Science  and  Technology:  my  host  was  Mr.  Soichiro 


Katayama  who  did  his  graduate  work  (Nuclear  Materials)  at  Illinois.  In  the 


materials  area,  the  agency  is  charged  with  promoting  research  and  development 


activities  in  a  broad  range  of  materials  technologies  (high  strength,  high 


temperatures ,  cryogenic,  electronic  materials  etc).  It  funds  ceramics 


research  throuuh  the  "Nationa1  Institute  for  Research  in  Inoruanic  Materials" 


which  is  concerned  with:  materials  for  VLSI  fabrication,  optoelectronic 


materials  of  transparent  ceramics,  bioceramic  materials  and  synthesis  of  new 


inorganic  ^ateials.  The  broad  concern  of  the  agency  is  that  basic  research  be 


fostered  and  developed.  There  was  again  a  concern  that  Japan  is  lagging  in 


this  area.  I  could  not  obtain  a  budoet  fioure  for  these  activities.  A 


brochure  detailing  the  agency  operations  is  in  my  possession. 


Travel  Report  of  L.  C.  Burton  (EE  Dept.,  VPI6.SU)  for  the  3rd.  U.S. -Japan 
Seminar  on  Dielectric  and  Piezoelectric  Materials,  Toyama,  Japan,  Nov.  9-14, 
1986.  (Technical  comments  only) 


Overview  Session  (Monday  morning) 

Talks  were  given  by  representatives  from  the  U.S.  and  Japan.  Eric  Cross 
first  reviewed  the  history  of  dielectrics  and  piezoelectrics.  He  pointed  out 
the  increasing  activity  in  multicomponent  structures,  multilayer  ceramic  circuits 
being  an  example.  I  felt  that  his  most  important  remarks  were  related  to  where 
emphasis  should  lie  in  the  future.  Basically,  the  pathways  of  semiconductors  should 
be  followed.  Much  of  what  has  been  learned  in  this  field  during  its  extensive 
development  over  the  past  35  years  could  be  applied  to  dielectric  related  systems. 
This  applies  across  the  board:  examples  pertaining  to  both  semiconductors  and 
dielectrics  are  single  crystal  and  epitaxial  layer  growth;  precise  control  of 
multilayer  structures,  especially  as  layers  become  thinner,  with  special  emphasis 
on  interfaces;  definition  of  small  structures;  an  understanding  of  the  behavior  of 
materials  systems,  with  input  from  chemistry,  materials  science,  solid  state  physics 
and  ceramics.  Dr.  Cross  emphasized  the  future  necessity  for  smaller  size,  which 
includes  patterning  techniques  and  superlattices.  Another  example  is  the  epitaxial 
growth  of  thin  ferroelectric  layers.  Such  layers  could  potentially  be  used  directly 
on  IC  and  other  chips,  removing  the  necessity  for  external  bypass  capacitors. 

Dr.  Ichinose  reviewed  the  situation  in  Japan,  discussing  new  ceramic  substrate 
materials,  piezoelectric  materials,  and  dielectric  materials  (capacitors),  the 
latter  being  subsequently  discussed  in  more  detail  by  Dr.  Sakabe.  Low  firing 
temperature  materials  are  necessary  in  order  to  reduce  the  need  for  noble  metal 
electrodes  and  for  compatibility  with  thick  film  processing,  which  occurs  at 
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<1000°C.  High  thermal  conductivity  materials  are  necessary,  especially  in  the  , 


future  as  multilayer  component  densities  increase,  for  increased  power  hybrid 
applications,  for  laser  heat  sinking,  and  for  microwave  applications  since  power 
generation  increases  with  frequency.  Dr.  Ichinose  made  reference  to  the  following 
materials  which  could  satisfy  some  of  those  needs:  SiC-BeO,  AIN  and  CVD  diamond 
films. 

Dr.  Sakabe  then  discussed  new  capacitor  materials.  They  have  a  Pb-based 
Y5V  type  with  K=24,000  (I  assume  this  is  at  Murata) .  He  also  emphasized  the  need  for 
thinner  layers  (to  below  10ym?)  and  the  need  for  lower  firing  temperature  materials. 

Poster  Sessions 

I  felt  that  the  four  minute  summary  presentations  that  preceeded  the  poster 

sessions  were  on  the  whole,  very  good,  and  recommend  this  format  in  the  future. 

(It  would  be  an  improvement  if  only  a  summary  of  objectives  and  results  were  given, 

some  speakers  tried  to  present  their  entire  papers.) 

Of  particular  interest  in  Monday's  session  was  some  of  the  new  fabrication  work. 

An  example  is  the  sol-gel  processing  of  PLZT  dielectrics  reported  by  D.  Payne,  with 

K  up  to  around  2000.  This  is  certainly  an  attractive  technique  (spin  coating)  for 

forming  thin  dielectric  layers,  with  firing  temperatures  (<700°C)  that  are 

compatible  with  ceramic,  thick  film.  Si  and  GaAs  technologies. 

Base  metal  electrode  work  was  reported  by  Murata,  Kyocera  and  Taiyo-Yuaen.  \ 

'  * 

The  Japanese  seem  to  be  working  more  heavily  in  this  area  than  the  U.S.  This 

could  be  important  in  development  of  lower  cost  electrodes  compatible  with  lower  /- 

firing  temperature  dielectrics. 

‘m* 

Our  paper  "Conduction  Mechanisms  in  BaTiO^  Based  Ceramic"  was  summarized  in 
a  four  minute  presentation  and  presented  at  the  poster  session.  ^ 

I  had  several  discussions  with  Y.  Sakabe  of  Murata  concerning  capacitor 

v 

degradation  mechanisms.  They  have  been  doing  some  work  that  parallels  our  own. 

We  discussed  the  concept  of  a  "virtual  cathode",  which  could  potentially  exist  in 
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any  n-type  oxygen  deficient  oxide  dielectric.  Oxygen  diffuses  away  from  the 
cathode  resulting  in  an  adjacent  lower  resistance  layer.  This  process  can  be 
apparently  reversed,  by  reversing  polarity,  as  we  have  shown.  He  agreed  that  this 
was  a  likely  mechanism,  but  details  still  have  to  be  worked  out.  Is  the  oxygen 
ion  motion  mainly  through  grain  boundaries  or  bulk?  How  uniform  is  the  thickness  o 
the  reduced  layer?  What  changes  are  occurring  in  the  rest  of  the  dielectric? 

We  agreed  to  continue  discussing  these  questions,  and  he  plans  to  send  over  sample 
for  us  to  measure. 

During  Tuesday's  poster  session,  it  was  obvious  that  the  Japanese  are  doing 
alot  of  work  in  the  microwave  dielectric  area.  The  U.S.  had  no  papers  in  this  area 
The  Japanese  also  reported  work  in  an  area  where  we  do  not  seem  to  have  alot  of 
activity,  that  of  sputtered  dielectrics.  The  work  reported  by  Kyoto  University 
and  Waseda  University  shows  good  progress  toward  deposition  of  thin  films 
(<lum  thickness)  of  PZT  and  PT. 

On  Wednesday,  the  work  reported  by  Kahn  of  MRL  and  Banno  of  NGK  Spark  Plug  Co. 
both  dealt  with  the  effects  of  controlled  pores  on  piezoelectric  and  other  properti 
This  is  of  interest  not  only  in  the  context  of  piezoelectrics,  but  more  generally, 
relative  to  porosity  in  dielectrics,  including  intentionally  porous  materials  for 
low  K,  low  firing  temperature  tape,  and  thick  films.  An  interesting  question  is 
whether  or  not  electrical  reliability  is  inherently  degraded  by  pores,  or  if  it  is 
determined  more  bv  ambient.  It  seems  reasonable  that  high  voltage  material  would 
be  degraded  due  to  electric  field  enhancement  and  partial  breakdown,  but  the  issue 
is  not  as  clear  for  low  voltage  applications  (<lV/pm). 

At  the  wrapup  session  on  Wed.  afternoon,  it  was  agreed  that  the  Seminar  was 
useful  and  should  be  continued.  However,  there  was  some  concern  expressed  about  ti. 
small  number  of  U.S.  companies  participating  in  the  meeting. 

Industrial  Tours  -  NEC 

On  Thursday,  six  of  us  visited  NEC  (Nippon  Electric  Co.)  NEC  is  doing  alot  in 


semiconductor  devices,  VLSI,  electronic  materials  and  ceramic,  including  III-IV 
compounds,  ultra-fine  line  generation  and  thin  films. 

Four  areas  of  work  were  noted  in  their  Materials  Research  Lab:  Electronic 
Ceramics  (including  dielectric  ceramics,  low  fire  MLC,  peizoelectrics ,  ML  actuator 
semiconducting  ceramic  and  ilLC  varistor);  Ultra-fine  powders;  Thin  films  (mainly 
carbon-like  and  ferroelectric);  Metals  (rapid-quenched,  superconducting). 

We  then  heard  several  seminars  from  NEC  staff.  Y.  Kurokawa  discussed  AlN 
ceramics.  This  is  being  studied  as  a  high  thermal  conductivity  substrate.  They 
have  a  huge  MBE  system,  custom  built  (estimated  cost  $1M),  and  a  similar 
sputtering  system.  They  can  grow  multilayer  AIN  substrates  resulting  from  the 

reaction  2A1  +  2NH3 - 2AlN  +  3^*  Thermograms  were  shown  for  a  Si  chip  on  an 

AIN  substrate,  and  compared  to  a  similar  chip  on  AI2O3.  The  former  indicated  a 
maximum  temperature  of  43°C,  the  latter  65°C.  They  also  plan  to  use  the  AlN  as 
a  substrate  for  LED  and  laser  diode  chips. 

K.  Utsumi  then  discussed  MGC  (multilayer  glass-ceramic)  and  MMC  (monolithic 
multicomponent  ceramic)  substrate  work.  The  MGC  is  composed  of  55  wt.  %  Al-,03 
and  45%  Pb  borosilicate  glass)  fired  at  850-950°C.  They  use  Au  or  Ag/Pd  as  the 
conductor.  They  obtain  high  insulation  resistance  (~  3x10^  ft-cm)  and  current 
less  than  luA  at  50V  bias.  (This  material  appears  somewhat  similar  to  DuPonts' 
low  temperature  green  tape) . 

Their  via  capability  is  impressive:  110,000  vias  80pm  dia.  on  several  cm~ 
of  sheet.  They  use  Ru02  resistors  for  hybrids,  sintered  at  900°C,  and  have 
buried  MLC  capacitors,  using  both  low  K  and  high  K  layers,  all  with  a  single 
firing.  So  the  result  is  an  MLC  system  used  as  a  substrate  for  a  hybrid  circuit, 
which  contains  the  resistors,  capacitors  and  conductors.  I  was  very  much 
impressed  by  this  presentation.  They  appear  to  be  substantially  ahead  of  us  cr. 
multi-component  MLC  technology. 

Next  Dr.  Suga  discussed  the  ceramic  ink  jet  head.  Ink  jet  nozzles  are  ferret: 
in  a  multi-layer  structure  using  patterns  formed  photolithographically .  The  ink 


ejection  from  the  nozzles  is  controlled  by  actuating  piezoelectric  drivers,  whose 
electrodes  are  buried  in  the  multilayer. 

Dr.  Showata  discussed  diamond-like  chin  films.  He  reviewed  methods  used  for 
forming  such  films  (thermal  decomposition,  ion  beam,  direct  sputtering,  and  CVD 
using  DC,  RF  or  microwave  power).  They  use  the  DC  approach  in  a  rather  simple 
diffusion  pumped  system.  Films  are  amorphous  when  deposited  at  room  temperature, 
on  a  Si  substrate.  Their  thermal  conductivity  increases  to  about  400  when  annealed 
at  400°C  (compared  to  the  diamond  literature  value  of  2000  W/mK) . 

M.  Yonezawa  then  discussed  low  firing  temp,  dielectrics,  specifically  a  Pb- 
based  (PbTi03  +  PbZrO^)  composition  used  for  X7R  type  MLC  capacitors. 

Each  of  the  U.S.  people  then  presented  seminars  on  their  own  work.  We  then  saw 
their  "Show  Room"  exhibit,  a  very  well  put  together  exhibit  of  R&D  areas  on  posters 
and  in  glass  cases. 

One  apparent  advantage  of  the  overall  organization  of  NEC  (and  of  Hitachi, 
which  we  visited  on  Fri. )  is  that  their  dielectric  and  ceramic  related  work  can 
draw  from,  and  even  work  jointly  with,  the  semiconductor  related  groups  at  the 
same  company.  Work  on  development  of  say  new  substrates  for  high  power  chips  or 
multilayer  substrates  for  active  hybrid  circuits  can  be  coordinated  between  the 
chip  people  and  the  substrate  people,  in  a  more  efficient  fashion  than  if  chips 
and  substrates  are  made  by  different  companies. 

Hitachi 

On  Friday  five  of  us  took  a  tour  of  Hitachi's  Central  Research  Lab.  Here 
we  visited  several  labs  and  heard  the  technical  presentations  in  those  labs. 

C.  Nakaya  and  Y.  Ito  discussed  their  work  on  peizoelectric  composites  and 
crystals.  K.  Kushida  discussed  the  growth  of  PbTi03  thin  films,  by  sputtering, 
onto  a  single  crystal  which  had  been  previously  covered  with  metal  contact 
fingers.  As  the  films  grow,  they  cover  over  the  contacts  and  coalesce  into  quite 
large  crystallites. 


H.  kanda  discussed  his  ultrasonic  microscope  which  has  a  depth  damage 


resolution  of  about  5pm.  T.  Ogawa  discussed  sound  velocity  measurements  in  bio¬ 
systems.  He  indicated  a  2-dimensional  capability  at  present,  with  plans  tc 
expand  to  3-dimensions.  This  system  has  been  used  to  map  sound  velocity  in 
biological  tissue,  and  has  demonstrated  success  at  locating  damaged  regions  in 
human  organs. 

The  growth  of  LaBg,  single  crystals  was  discussed  in  the  lab  of  T.  Aida. 

(LaB^  is  used  as  electron  emitter  in  SEM  machines  because  of  its  low  work 
function.)  We  saw  the  molten  zone  facility  where  crystals  are  grown  at  2700°C. 

The  final  presentation  was  by  K.  Kanehori  who  discussed  the  growth  of 
HS2  films  for  thin  film  batteries.  These  are  quite  thick  films  (30-60pm) 
deposited  by  CVD  following  the  reaction  x  Li  +  TiS2  LixTiS2 

Again,  Hitachi  is  obviously  a  very  diversified  company.  In  such  a  situation 
semiconductor  and  dielectric  (and  other)  groups  can  interact  when  necessary  if  a 
product  involving  both  disciplines  is  to  be  developed.  It  would  be  interesting 
to  know  how  many  US  companies  are  diversified  to  the  point,  and  have  internal 
communications  that  are  good  enough,  for  such  coordinated  product  development 
to  occur.  NEC  and  Hitachi  both  appeared  impressive  in  this  regard. 
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TRIP  REPORT 
TOYAMA.  JAPAN 
November  9-12,  1986 


Stephen  W.  Freiman 
Ceramics  Division 
National  Bureau  of  Standards 
Gaithersburg,  MD 


The  purpose  of  this  trip  was  to  act  as  the  U.S.  chairman  and 
to  paticipate  as  a  speaker  in  the  Third  U.S. -Japan  Seminar  on 
Dielectric  and  Piezoelectric  Materials.  The  seminar  was  held  in 
a  hotel  near  Toyama,  Japan.  In  arranging  this  meeting,  it  was 
agreed  between  professor  Takashi  Yamaguchi,  the  Japanese 
chairman,  myself  and  other  members  of  the  U.S.  organizing 
committee,  Dr.  Robert  Pohanka  and  Dr.  David  Payne,  that  in  order 
to  maximize  real  communications  between  participants,  it  would  be 
best  if  almost  all  of  the  papers  were  presented  in  poster  form. 

In  addition,  each  speaker  was  given  four  minutes  to  summarize  his 
presentation  at  a  session  held  before  the  posters  were  viewed. 
This  arrangement  turned  out  to  be  an  excellent  format  and  gave 
rise  to  extensive  individual  discussions. 

There  were  approximately  25  U.S.  participants  and  60 
Japanese.  This  ratio  is  reasonable  considering  that  Japan  was 
the  host  country.  What  is  of  concern,  however,  is  the  fact  that 
about  three  quarters  of  the  Japanese  participants  were  from 
industry,  as  opposed  to  universities  or  government  laboratories, 
compared  to  only  one  quarter  from  U.S.  industry.  For  instance, 
there  were  no  U.S.  capacitor  manufacturers  represented  at  the 
seminar  even  though  invitations  had  been  issued  to  them.  Other 
companies  turned  down  invitations  as  well,  a  number  citing 
financial  reasons  for  not  attending. 

Since  the  first  U.S. -Japan  Seminar,  held  four  years  ago  in 
Tokyo,  the  discussions  between  the  U.S.  and  Japanese  participants 
have  become  more  open.  I  believe  that  this  openness  is  a  direct 
result  of  the  fact  that  essentially  the  same  core  of  people  have 
been  attending  these  meetings.  We  have  gotten  to  know  our 
counterparts  in  the  other  country,  and  feel  more  comfortable  in 
discussing  the  details  of  our  research.  Much  of  what  was  learned 
came  about  during  more  informal  talks  rather  than  at  the 
sessions . 

From  a  technical  point  of  view,  the  Japanese  appear  to  be 
taking  an  increasing  interest  in  mechanical  properties,  not  just 
of  structural  ceramics,  but  of  dielectric  and  piezoelectric 
"iterials  as  well.  I  see  an  expanding  effort  in  relating  the 
fracture  behavior  of  these  materials  to  chemistry  and 
microstructure.  They  have  recognized  the  need  to  be  able  to 
predict  the  relability  of  ceramic  devices  such  as  switches  and 
motors  based  upon  fracture  mechanics  concepts.  At  present  the 
Japanese  rely  heavily  on  work  performed  in  the  U.S.,  but  their 
efforts  in  fracture  mechanics  research  is  increasing.  There  are 


programs  at  Sophia  University,  the  University  of  Tokyo,  and  the 
Japanese  National  Defense  Academy  directed  at  understanding  the 
mechanical  properties  of  piezoelectric  ceramics. 

In  particular,  a  number  of  the  Japanese  participants  were 
concerned  about  the  selection  of  an  optimum  technique  which  can 
be  used  to  determine  the  critical  fracture  toughness,  KIC,  of 
dielectric  or  piezoelectric  materials  There  was  discussion  on  a 
number  of  topics  involving  specific  aspects  of  the  use  of  these 
ceramics.  For  instance,  it  appears  that  the  alignment  of  the 
domains  in  a  piezoelectric  ceramic  in  the  process  known  as 
poling,  has  a  measurable  effect  on  crack  propagation.  In  a  study 
at  the  University  of  Tokyo,  cracks  were  observed  to  propagate 
more  readily  in  the  direction  of  poling  than  in  the  perpendicular 
direction.  Another  area  of  discussion  involved  the  possible 
effects  of  cyclic,  as  opposed  to  static,  loading  on  crack  growth 
in  components  such  as  electrostrictive  and  photostrictive 
actuators  for  servovalves  and  photostrictive  relays.  Professor 
Uchino  at  Sophia  University  is  currently  investigating  the 
mechanical  reliability  of  electro-optic  devices  which  undergo 
complex  stress  states  in  service.  Although  there  is  some  work 
going  on  in  the  fracture  of  multilayer  capacitors  in  Japan,  it 
seems  confined  to  the  determination  of  fracture  mechanics 
parameters,  rather  than  being  a  research  effort.  There  was  one 
paper  presented  at  the  meeting,  however,  discussing  the 
relationship  between  mechanical  and  dielectric  failure  of  barium 
titanate  ceramics. 

A  meeting  of  the  U.S.  participants  was  held  at  the  close  of 
the  Seminar  in  which  our  views  of  various  aspects  of  the 
technology  could  be  summarized.  Based  upon  these  discussions,  it 
was  decided  that  the  Japanese  are  clearly  ahead  of  us  in  the 
areas  of  microwave  dielectrics,  actuators  and  motors,  thin  film 
ferroelectrics ,  and  low  fire  dielectrics.  While  the  U.S.  has  a 
greater  knowledge  of  materials  such  as  relaxor  ferroelectrics,  we 
are  not  making  commercial  use  of  this  knowledge.  In  general  the 
work  discussed  by  the  Japanese  was  of  a  more  practical  nature 
than  the  U.S.  work.  One  participant  was  of  the  opinion  that  they 
were  more  open  in  their  discussions  than  the  U.S.  One  of  the 
major  topics  of  discussion  at  this  meeting  was  how  to  generate 
more  participation  by  U.S.  industry.  One  way  in  which  we  will 
attempt  to  do  this  is  to  eliminate  the  series  of  post-seminar 
tours.  It  was  thought  that  many  companies  did  not  come  to  Japan 
because  of  the  possible  obligation  of  hosting  the  Japanese  in 
their  plant  at  the  next  Seminar  to  be  held  in  the  U.S.  in  1988. 
The  preliminary  plan  is  that  I  will  be  U.S.  Chairman  of  the 
Seminar  again  in  1988,  and  that  the  meeting  site  will  be  the 
National  Bureau  of  Standards.  The  format  tor  the  Seminar  will 
remain  essentially  the  same,  with  most  presentations  being  given 
in  the  form  of  pos*ers.  These  plans  will  be  discussed  with  the 
incoming  Japanese  Chairman  in  the  next  couple  of  months. 


THE  THIRD  U.S.  -.JAPAN  SEMINAR  ON  DIELECTRIC  AND 

PIEZOELECTRIC  CERAMICS,  AND  RELATED  LABORATORY  VISITS 

NOVEMBER  8-17,  1986 

Martin  P.  Harmer 

Department  of  Materials  Science  and  Engineering 


Lehigh  University 
Bethlehem,  PA  18015 


THE  THIRD  U.S.: JAPAN  SEMINAR  ON  DIELECTRIC  AND 
PIEZOELECTRIC  CERAMICS,  AND  RELATED  LABORATORY  VISITS 
NOVEMBER  8-17,  1986 

The  workshop  provided  an  excellent  forum  for  updating  the  U.S.  and 
Japanese  participants  on  recent  developments  and  trends  in  the  field  of 
dielectric  and  piezoelectric  ceramics.  The  laboratory  visits  provided  an 
excellent  opportunity  to  witness  the  workings  of  the  Japanese  electronic 
ceramics  industry  first  hand.  I  visited  the  capacitor  manufacturing 
division  of  Murata  and  the  research  laboratory  of  NEC.  Frankly,  I  found 
the  Japanese  industrial  participants  to  be  more  open  about  their  research 
and  manufacturing  technology  than  I  had  expected.  Murata  showed  us  every 
aspect  of  their  capacitor  manufacturing  process.  NEC  presented  us  with  a 
detailed  summary  of  their  current  research  and  development  activities. 

The  representation  from  industry  and  academia  was  significantly 
imbalanced  amongst  the  two  U.S.  and  Japanese  delegations.  The  great 
majority  of  the  U.S.  delegates  were  from  universities  whereas  the 
Japanese  delegates  were  overwhelmingly  from  industry. 

I  list  the  following  areas  that  I  sensed  the  Japanese  have  developed 
an  edge  over  the  U.S.  These  are  areas  where  the  U.S.  may  need  to  catch 
up: 

(l)  actuators  and  piezoelectric  motors 

A  Japanese  authority  in  this  field  is  Dr.  Ken j i  Uchino  in  the 
Department  of  Physics,  Sophia  University,  Kioi-cho  7-1,  Chiyoda-ku,  Tckvc 
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102.  NEC  is  working  very  actively  in  this  area  developing  multilayer 
piezoelectric  actuators  to  be  used  in  ink  jet  printing  heads.  Relaxor 
materials  (lead  magnesium  niobate  Pb(Mg^/3Nb2/3 )C>3  in  particular)  are 
strong  candidates  for  electrostr ictive  actuator  applications.  For  a  good 
review  on  actuators  see  the  article  by  Kenj i  Uchino  entitled 
"Electrostrictive  Actuators:  Materials  and  Applications"  pp647-652  in 
Bull.  Am.  Ceram.  Soc.,  Vol  65,  No  4  (1986). 

(2)  thin  film  sputtering 

Several  of  the  Japanese  papers  presented  at  the  workshop 
demonstrated  the  feasibility  of  sputter  depositing  epitaxial  thin  films 
of  PLZT,  PZT  and  PT  onto  a  variety  of  substrates  including  silicon, 
platinum,  sapphire  and  magnesium  aluminate  spinel.  The  ferroelectric  and 
pyroelectric  properties  of  the  thin  films  look  very  promising.  NEC  has  a 
group  studying  thin  film  sputtering  of  barium  titanate  and  lead-based 
dielectrics  as  well  as  metals.  NEC  has  been  successful  in  producing 
sputter  deposited  artificial  superstructures  of  Mo  and  Ni  (5  monolayers 
of  Mo  codeposited  with  5  atomic  layers  of  Ni).  An  exciting  area  that 
this  suggests  for  future  research  is  the  development  of  artificial 
superstructures  of  ceramic  dielectrics/ f erroelectr ics . 

(3)  microwave  dielectrics  and  pyroelectrics 

It  was  noticable  that  only  Japanese  delegates  and  no  U.S. 
representatives  contributed  papers  on  either  of  these  topics  at  the 
seminar.  Complex  perovskites  such  as  Ba( Mg 1/3133/ 3 )03  are  being  actively 
developed  as  microwave  resonators  at  the  Murata  Manufacturing  Co., Ltd.  in 
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Japan.  Dr's.  Wakino,  Tamura  and  coworkers  at  Murata  are  working  in  this 
area.  They  have  been  very  successful  in  using  far  infrared  spectroscopy 
for  correlating  lattice  vibrational  modes  with  crystal  structure  and 
B-site  cation  ordering.  We  plan  to  collaborate  with  Dr.  Wakino  in  this 
area  since  their  infrared  techniques  are  very  complimentary  to  our 
microstructural  and  defect  chemistry  work  on  relaxor  type  dielectrics  for 
microwave  applications.  Nishigaki  et  al.  (Naruma  Technical  Laboratory, 
Nagoya)  presented  an  interesting  paper  on  the  microwave  properties  of 
Ba0-Ti02-WC>3  ceramics.  A  second  phase  (BaWO^)  with  a  negative  Tf  was 
used  to  produce  microwave  ceramics  with  a  near  zero  Tf. 

(A)  thermally  conducting  substrates  and  integrated  packages 

Japan  seems  to  be  quite  far  ahead  in  the  development  of  thermally 
conducting  substrates,  especially  of  aluminum  nitride.  NEC  showed  us 
translucent  aluminum  nitride  substrates  that  were  reported  to  have  a 
thermal  conductivity  as  high  as  240-260  WnT^K”*  which  is  very  close  to 
the  theoretical  maximum  of  320  Wra'^K-^.  NEC  uses  powders  made  by 
Tokuyama  Soda  and  sinters  or  hot  presses  at  2000°C  using  CaC-?  as  a 
sintering  aid.  NEC  has  also  been  the  first  to  develop  integrated  cofired 
multilayer  packages  containing  mixed  layers  of  capacitors  (lead-based 
relaxors)  and  resistors  in  with  the  conventional  insulation/conduction 
layers.  NEC  has  made  structures  with  41  layers  cofirable  in  air  for 
modules  containing  36  chips.  NEC  is  also  working  on  producing  amorphous 
carbon  films  with  diamond  like  properties  using  CVD  technology  (CH4-H2) 
depositing  on  silicon. 


(5)  clean  room  manufacturing 

It  was  very  impressive  at  Murata  to  see  capacitor  mass  production 
carried  out  under  Class  10,000  clean  room  conditions.  Murata  claimed  to 
see  a  dramatic  improvement  in  product  reliability  and  reject  losses  after 
converting  to  clean  room  manufacturing. 

In  summary,  this  meeting  was  an  outstanding  opportunity  to  become 
acquainted  and  exchange  ideas  with  our  Japanese  counterparts.  I  found  it 
to  be  very  rewarding.  It  was  very  well  organized  and  special 
commendations  go  to  the  cochairmen,  Dr.  Freiman  and  Professor  Yamagucni 
for  their  outstanding  organization  and  to  Dr.  Pohanka  and  the  Office  of 
Naval  Research  for  their  support  in  making  these  seminars  possible. 


REPORT  ON  TRIP  TO  JAPAN 
November  6  -  November  18,  19861 


M.  Kahn 

Naval  Research  Laboratory 
Code  6363 

The  following  report  contains  the  Publication  Release  Request  copy  of: 

1)  Reviews  of  many  of  the  papers  presented  at  the  Third,  ONR  sponsored 
U.S. -Japan  Seminar  on  Dielectrics  and  on  Piezoelectric  Ceramics  in  Toyama, 
Japan,  Nov.  9-12,  1986  as  well  as  some  information  presented  during  laboratory 
visits. 

2)  Some  notes  from  the  panel  meeting  on  piezoelectrics  at  the  same 
seminar. 

3)  Some  discussion  of  Dr.  Yamagida's  programs  at  the  University  of 
Tokyo. 

4)  My  impressions  from  visits  at  the  Sony  Central  Laboratories,  at  NGK 
and  at  some  of  the  TDK  ceramic  capacitor  operations  in  Akita. 
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I.  Introductory  Remarks 

1)  In  his  keynote  address  E.  Cross  proposed  that  unique  and  useful  phenomena 
will  be  derived  through  investigating  and  optimizing  ferroelectric  behavior  in 
extremely  thin  and  small  regions,  following  the  example  of  semiconductor 
technology.  Scaling  down  to  "micro"  and  “nano"  subdomain  microstructures  is 
presently  not  adequately  understood  but  contrary  to  present  interpretations, 
polar  micro  regions  may  well  be  possible.  "Normal"  ceramic  surfaces  are 
thought  to  be  highly  disordered,  but  with  the  advent  of  technologies  such  as 
vapor  phase  CVD,  the  implementation  of  atomic  order  on  surfaces  can  well  lead 
to  the  verification  of  very  short  range  ferroelectric  phenomena.  200-1000 
Angstrom  ferroelectric  nanocomposites  may  then  become  feasible.  Artificial 
super-lattice  structures  could  then  stabilize  metastable  configurations  with 
shallow  potential  atomic  energy  wells.  This  could  give  large  atomic 
displacements,  providing  high  pyro  and  piezoelectric  sensitivities  and  even 
positioners  with  atomic  accuracy. 

2)  Ichenosi  from  Waseida  University  discussed  the  efforts  of  four 

manuf acturers  to  develop  and  market  lead  silicate  borate  glass,  filled  with 
30-60%  of  alumina  as  thermal  substrate  material,  similar  to  what  is  being 
worked  on  by  Dupont  in  the  United  States.  Maximum  density  is  attained  between 
800  and  900°C.  He  also  described  the  well-known  silicon  carbide  beryllium 
oxide  doped  substrate  material  (pioneered  and  publicized  by  Hitachi  at  least  2 
years  ago)  as  well  a  pressureless  sintered,  aluminum  nitride  composition, 
marketed  under  the  name  of  Super  Shapal  by  Toyo  soda.  This  material  is  almost 
85%  translucent  to  visible  light  and  transparent  to  infrared.  Reduction  of 
the  oxygen  content  of  both  silicon  carbide  and  aluminum  nitride  powders  to 
significantly  below  1%  is  thought  to  be  the  cause  for  significantly  enhanced 
thermal  conductances. 
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He  mentioned  work:  on  diamond  CVD  coating  and  also  showed  a  number  of 
schematics  of  piezoelectric  ultrasonic  motors,  both  utilizing  stationary  as 
well  as  propagating  waves.  He  also  showed  a  design  that  used  a  magnet  to 
couple  piezoelectric  motion  into  a  rotor.  Efficiencies  of  80S  were  quoted. 

3)  Sakabe  (Murata)  presented  a  review  of  the  properties  of  low  fired,  stable  K 
materials  and  of  relaxor  based  dielectrics  that  contain  ZnO.  The  materials  he 


discussed  are  utilized  in  Japan  in  large  scale  production,  including  in 
multilayer  capacitors  with  nickel  electrodes  having  capacities  up  to  400  micro 
farads,  that  are  made  at  a  rate  of  up  to  20  million  capacitors  per  week. 


Murata  are  also  making  strontium  titanate  internal  boundary  layer 

capacitors  and  are  reporting  effective  dielectric  constants  to  200,000.  This 

is  attained  by  making  an  ohmic,  rather  than  a  junction  contact  to  the  ceramic. 

This  is  implemented  by  indiffusion  of  aluminum.  No  advanced  techniques  to 

analyze  the  behavior  of  such  devices  (as  for  instance  cole-cole  plots)  were 

Shown.  In  closing  he  mentioned  that  they  are  conducting  a  substantial  effort 

in  10  gHz  dielectric  resonators  for  applications  in  direct  broadcast  satellite 
receivers.  Q's  above  8.000  at  10  GHz  with  very  low  temperature 

are  attained.  Results  giving  even  higher  experimental  0  values  are  discussed 


below.  Their  basic  thrust 
resonatbr  size  without  a 


is  to  obtain  higher  dielectric  constants  to  lower 
significant  reduction  in  the  high  frequency  Q. 


■I.  Contributed  Papers  (both  at  the  symposium  as  well  as  presented  during 
laboratory  visits). 

A.  Electronic  Films 

It  appears  that  the  preparation  of  single  crystal  or  of  ferroelectric 
thin  films  is  presently  one  of  the  most  advanced  areas  of  electronic  trials 
research.  Japanese  researchers  reported  primarily  on  the  utilization  of 
sophisticated  instrumental  film  forming  methods,  whereas  applications  of 
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chemistry  (i.e.  sol  gel  and  organometal 1 i cs )  were  reported  on  by  U.S. 
workers . 

1)  Matsubara  (NEC)  reported  on  the  CVD  deposition  of  MgAl 2O4  epitaxial  films 
on  top  of  N  type  single  xtal  silicon  wafers.  Onto  these  they  R.F.  magnetron 
sputtered  PLZT  films  which  again  grew  epitaxially  on  top  of  the  MgAl204 
substrate  layer.  The  films  showed  single  crystal  structure,  using  Reflection 
High  Energy  Electron  Diffraction  (Rheed).  The  lattice  constants  varied  with 
the  lanthanum  content.  The  sophistication  of  this  work  is  substantial. 

2)  Wasa  (Matsuchita)  discusses  results  from  magnetron  sputtering  of  PLZT 
onto  sapphire  substrates.  His  films  were  polycrystal  1 i ne  and  showed  a  maximum 
dielectric  constant  of  about  500  with  10*  lanthanum.  Changes  in  deposited 
stoichiometry  due  to  the  high  substrate  temperatures  (500-700°C)  were 
mentioned. 

2)  Tamura  at  Sony  Labs  showed  me  yittrium  garnet  films  grown  by  liquid  phase 
epitaxy  on  top  of  a  gadolinium  gallium  garnet  substrate.  Tunable  filters  were 
built  out  of  these  and  grooves  in  their  surfaces  were  said  to  almost  eliminate 
hiyher  order  responses.  The  films  were  said  to  find  use  in  variable,  high 
frequency  osscillators  in  communications  equipment.  At  the  same  time  I  was 
also  shown  the  operation  of  a  magnetic  bubble  memory  in  which  bubbles  were 
moved  from  one  location  to  another  and  also  obliterated,  all  using  an  argon 
laser  beam.  The  preferred  locations  for  the  bubbles  were  generated  in  liquid 
phase  epitaxially  grown  yittrium  garnet  films  by  etching  small  square 
depressions  into  the  surface  of  such  films.  The  introduction  of  bismuth  into 
this  garnet  provided  it  with  a  high  Faraday  rotation  angle.  This  permitted 
optical  readout  of  the  state  of  the  memory. 

4)  Murata  workers  discussed  a  metal  1  organi  c  CVD  techmcue  for  the  deposition 
of  tantalum  oxide  films.  Dielectric  constants  of  26,  with  4-6  megavolt  per 


centimeter  capability  in  a  100  Angstrom  thickness  were  mentioned.  Tantalum 
ethylide  Ta(0C2H5)3  vapor  was  used  in  the  presence  of  titanium  0 ( C 3H7 ) 4 
vapors,  with  the  titania  providing  an  acceptor  in  the  tantalum  oxide 
structure.  Substrate  temperatures  above  650°C  caused  film  crystallization,  but 
the  dielectric  strengths  of  the  lower  temperature  amorphous  films  was  said  to 
be  higher  than  of  those  that  had  been  crystallized. 

5)  R.  Vest  reported  on  ferroel ectri cs  from  metallorganic  precursors:  Defect 
free  lead  titanate  and  lead  strontium  titanate  films,  covering  2  cm  by  2  cm 
areas  with  near  theoretical  density  were  reported.  He  indicated  that  fast 
drying  is  necessary  in  these  materials  to  obtain  precipitation  from  the  liquid 
without  prior  gel  formation.  They  have  to  be  made  thin  so  as  to  prevent 
cracking  from  drying  shrinkage.  Multiple,  superimposed  film  applications  are 
possible. 

6)  D.  Payne  discussed  spinned-on  and  fired  lead  titanate  alkoxide  based  films 
that  he  had  made:  Metal  etoxide  solutions  were  spin  cast  on  smooth  substrates 
and  densified  at  700°C.  High  quality  ferroelectric  properties  were  shown  in  1 
micrometer  thin  films.  This  demonstrates  a  high  degree  of  order  and 
crystallization  after  firing  at  relatively  low  temperatures.  The  films  were 
said  to  withstand  100  volts  per  micrometer  and  this  was  said  to  permit  their 
application  as  memory  devices. 

B)  Processing 

One  of  the  more  intriguing  presentat ' ons  at  the  seminar  was  by  Shiosaki 
on  laser  activated  grain  boundary  etching.  More  conventionally,  there  were 
some  interesting  analyses  of  surface  chemistry  phenomenae  and  their  effects  on 
dispersion  and  packing. 

1)  Shiosaki  from  Kyoto  University  told  of  a  novel  ceramic  drilling  technique. 

A  KOH  solution  covering  a  PZT  ceramic  is  excited  by  a  laser  and  whole  grains 
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are  removed  in  the  irradiated  area.  The  progression  rate  with  a  1  watt  laser 
is  more  than  100  micrometers  per  second.  It  does  not  appear  that  there  is 
damage  in  the  ceramic  constituting  the  walls  of  the  hole.  X-ray  diffraction 
of  the  residue  verified  that  whole  grains  had  been  removed  out  of  the  ceramic. 
A  variety  of  ceramic  formulations  have  been  successfully  drilled,  using  a  self 
imaging  focusing  mechanism.  The  latter  derived  its  input  from  the  acoustic 
noise  generated  during  laser  irradiation  in  a  PZT  plate  that  supports  the 
sample.  The  hole  drilled  is  not  fully  cyclindrical  but  a  clean  pattern  can  be 
generated . 

2)  Hirano  (Uni v .  of  Nagoya)  reported  on  the  synthesis  of  a  0.3  micrometer  size 
mono-dispersed  and  mono-sized  spherical  particle  suspension  of  zirconium 
titanium  stannate,  derived  from  alkoxides.  These  materials  had  been  sintered 
in  the  past  only  with  the  help  of  sintering  additives  as  zinc,  nickel,  iron  or 
lanthanum  oxides.  They  have  desirable  10  GHz  properties  for  applications  in 
direct  broadcast  satellite  receivers  and  telecommunications.  Hirano's  work  on 
these  materials  was  intended  to  make  fine  powders  that  could  be  sintered 
without  sintering  aids  and  hopefully  thereby  attain  higer  Q  values. 

He  liquid  mixed  alkoxide  derived  precursors  and  a  partial  description  is 
given  of  rather  critical  hydrolysis  and  multiple  refluxing  conditions  that 
gave  mono  sized  and  mono  dispersed  spherical  particles  of  the  desired 
compositions.  No  small  feat.  The  particles  were  dried  by  filtering  on  an 
0.01  micro  meter  filter  (made  by  the  Toyo  Rashi  Company  Ltd.  in  Tokyo)  and 
fired  to  relative  densities  of  >96%  with  Q  values  up  to  5300  at  10  gHz, 
without  any  sintering  aics.  He  felt  that  the  application  of  high  compacting 
pressures  to  deagglomerate  fine  particles  can  be  counter  productive,  as  it 
introduces  strains  in  the  material  that  give  rise  to  excessive  grain  growth. 
The  latter  has  been  shown  conclusively  for  hot  pressed  materials.  The 
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application  of  zeta  potential  titrations  and  or  other  measurements  indicate  to 
him,  that  base  acid  surface  reactions  are  not  as  reversible  as  is  often 
assumed:  For  instance  H+  atoms  that  are  attached  to  a  bismuth  oxide  surface 
during  acid  treatment,  are  not  replaced  by  OH  molecules  in  a  basic 
environment,  but  remain  there  and  form  "complexes"  with  OHs  on  adjacent  sides. 
This  model  may  be  somewhat  approximate,  but  evidence  pointing  to 
nonreversabi 1 i ty  of  surface  reactions  has  been  observed  elsewhere.  This  may 
well  be  the  reason  that  most  practical  dispersant  systems  are  of  a  steric 
nature,  relying  on  a  polymer  rather  than  just  on  the  surface  charge  for 
dispersion.  The  nonreversibility  of  surface  reactions  makes  it  necessary  to 
control  the  electro  chemical  environment  (i.e.  the  optimum  pH  level,  as 
established  by  previous  zeta  potential  titrations)  right  from  the  time  a 
powder  is  originally  synthesized  through  all  stages  of  processing.  This  then 
permits  purely  electro-static  repulsion  to  dominate  and  provide  complete 
dispersion,  negating  the  need  for  steric  dispersion  polymers. 

3)  Ueyama  from  Hitachi  showed  a  linear  increase  in  packing  density  of  both 
alumina  and  barium  titanate  particles  as  agglomerate  size  is  reduced.  The 
theoretical  green  density  calculated  from  mono  size  3  coordinated  spheres  is 
obtained  as  agglomerates  are  eliminated.  The  primary  particle  size  is  then 
measured.  The  same  mono  size  particles  show  a  small  decrease  in  packing 
density  when  the  concentration  of  PMMA  binder  is  reduced  from  the  minimum  void 
volume  (approximately  12%)  to  lower  values.  The  group  at  Hitachi  also 
investigated  the  effect  of  agglomerate  size  and  binder  concentration  on  the 
sintered  density  of  barium  titanate.  They  found  that  elimination  of  . 
agglomerates  gave  lower  temperatures  of  surface  densi f i cati on .  Agglomerate 
free  barium  titanate  attained  its  final  density  of  5.8  gram/cm^  at  the  surface 


densi f i cati on  temperature,  independent  of  binder  concentration  or  of  green 
packing  density. 

4)  L.  Levinson  presented  results  fromGE's  laser  patterning  interconnecting 
work,  pertaining  to  the  optimum  composition  of  the  polymer  that  carries  the 
wiring.  This  is  to  adjust  its  absorption  coefficient  for  the  laser  light  so  as 
to  maximize  the  etch  rate.  A  peak  in  the  etch  depth  per  pulse  versus 
absorption  coefficient  curve  was  found. 

C.  Barium  Titanate  Analysis  and  Dielectric  Compositions 

1)  D.  Smyth  showed  that  the  site  occupation  preference  of  tri-valent 
impurities  in  barium  titanate  depends  both  on  ionic  size  as  well  as  on  the 
stoi chi ometery  of  the  matrix.  Yttrium  and  Erbium  have  the  most  intermediate 
ionic  size  and  they  show  a  variable  site  occupation  preference,  most  strongly 
determined  by  the  stoichiometry  of  the  matrix.  He  showed  some  self 
compensation  when  barium  titanate  is  doped  with  yittrium.  This  is  indicated 
when  the  valley  in  the  resistivity  versus  dopant  concentration  curve  is 
shifted  to  significantly  higher  concentrations,  also  causing  the  curve  itself 
to  be  significantly  broader.  On  the  other  hand  the  full,  theoretically 
expected  self  compensation  due  to  simultaneous  occupancy  of  both  the  A  and  3 
sites  is  only  rarely  observed.  Simple  and  elegant. 

2)  R.  Buchanan  reported  that  the  addition  of  zirconia  to  barium  titanate  gave 
(after  firing  below  1300°C)  grain  growth  inhibited  ceramic  with  the  zirconia 
at  the  grain  boundaries.  At  higher  temperatures  grains  grew  and  zirconia  was 
found  in  the  lattice.  ~Vie  addition  of  calcium  alumina  borate  flux  gave 
sintering  temperatures  oelow  117 5°C .  Fluxing  was  said  to  allow  diffusion  of 
zirconia.  He  observed  a  Curie  point  shift,  without  grain  growth  above  1  um. 
Evidence  of  boron  in  the  grain  bulk  under  these  conditions  was  also  claimed. 


3)  I.  Burn  discussed  a  low  fire  K  10,000  Z5U  formulation,  that  is  said  to  be 
precalcined  with  a  small  amount  of  lead.  It  was  said  not  to  contain  additions 
of  bismuth,  cadmium  fluoride  or  other  volatiles.  His  results  are  achieved 
through  close  control  of  A-B  stoichiometry  and  a  close  donor-acceptor  balance. 
Conduction  is  said  to  be  electronic.  He  uses  a  new  subm-'cron  barium  titanate 
powder  and  the  system  is  fired  at  1100°C.  70%  silver  electrodes  are  used. 

4)  Takabatake  from  the  Asahi  Glass  Company  reported  on  glassy  films  having  a 
dielectric  constant  of  6.5  at  at  100  KHz.  They  are  intended  to  provide  a  low 
temperature  firing  multilayer  technology  for  hybrid  circuits.  The 
glass-ceramic  contains  alumina,  that  does  not  react  at  900°C.’  2  MgO  Si O2  is 
added  to  this.  When  it  dissolves,  it  causes  the  boron  in  the  glass  to  react 
with  the  alumina,  giving  the  glass  a  high  resistance  to  corrosion  by  water.  A 
similar  system  has  been  commercially  sold  in  the  United  States  for  a 
considerable  period. 

5)  Abe  from  Sakai  Chemical  prepared  barium  titanate  powder  using  hydrothermal 
synthesis.  The  desired  1000°C  sintering  temperature  was  achieved  through 
doping  with  additives. 

D.  Dielectrics  for  Nickel  Electrode  Multilayer  Capacitors 

The  volume  of  nickel  electrode  multilayer  capacitors  made  in  quality 
conscious  Japan  tends  to  contradict  U.S.  claims  that  such  devices  cannot  be 
made  reliably.  The  history  of  this  product  (mentioned  below)  should  certainly 
set  one  to  think. 

1)  The  paper  by  Sakabe  from  Murata  on  barium  titanate  based  capacitors  witn 
internal  nickel  electrodes  is  a  case  of  superior  Japanese  engineering  in  the 
application  of  U.S.  science.  One  of  his  composition  appears  to  be  an  acceptor 
doped,  slightly  barium  rich,  -10%  calcium  containing  Z5U  material,  very  similar 
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to  that  put  together  and  patented  by  Smyth  and  Error  in  the  late  60 *  s .  Murat 
got  a  patent  (in  1976)  on  the  calcium  addition  and  the  function  and  site 
occupancy  of  their  10%  cal-cium  addition  has  been  described  by  Don  Smyth. 
Murata  fires  at  relatively  low  oxygen  pressures  (10-^  ATM  PO2)  to  prevent 
loss  of  capacitance  control  due  to  nickel  oxide  diffusion.  The  significant 
part  about  all  of  this  is  that  at  least  3  U.S.  multilayer  capacitor 
manufacturers  tried  to  introduce  nickel  electrode  capacitors  into  the  U.S. 
market.  Their  lack  of  success  has  to  be  at  least  in  part  attributed  to  an 
insufficient  willingness  to  make  the  required  investment  in  engineering  the 
system.  This  resulted  in  the  premature  marketing  of  devices  that  had 
inadequate  life  test  performance.  It  appears  that  Japanese  perserverance  led 
in  this  case  to  a  new  product,  i.e.  to  what  they  claim  are  economical  and 
reliable  substitutes  for  1  to  100  mf  tantalum  capacitors. 

Sakabe  also  mentioned  a  set  of  NPO  and  X7R  formulations  that  are 
compatible  with  nickel  electrodes.  Again,  a  lot  of  early  work  was  also  done 
on  these  in  the  U.S. 

2)  Ki shi  from  the  Tayo  Yuden  Central  Research  Laboratory  added  3%  of  an 
unspecified,  akaline  earth  containing  lithium  silicate  glass  to  1 2 2 0°C  solid 
state  reacted  barium  titanate  powder.  It  acted  as  a  low  temperature  flux, 
lowering  the  sintering  temperature  to  below  1200°C  and  also  provided  acceptor 
doping  to  the  matrix.  "Reliable"  nickel  electrode  multilayer  capacitors  are 
presumably  made  from  this.  Roth  Z5U  as  well  as  X 7 R  behavior  are  described.  No 
post  calcining  milling  is  mentioned.  This  appears  to  be  a  rather  ingereous 
system. 

3)  Fujikawa  reported  on  X7R  nickel  electrode  multilayer  capacitors  containing 
CaZrOg,  Y2O3  and  ~  0.5%  MnO. 
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E.  Capacitor  Reliability 

Three  U.S.  papers  on  this  subject  illustrate  the  present  U.S.  concern  and 
ONR  sponsorship  of  this  subject.  It  should  be  noted  though  that  the  cirst 
paper  I  ever  saw  discussing  cracks  leading  to  low  voltage  failures  (blaming 
chlorine  from  CCI4  degreasing  fluid)  came  from  Japan  and  also  that  at  least 
TDK  is  doing  in-house  work  on  understanding  delaminations  (see  below). 

1)  H.  Anderson  subjected  multilayer  capacitors  to  a  770°  temperature 
gradient,  whereupon  they  developed  i nterel ectrode  cracks.  These  were  then 
subjected  to  voltage  and  temperature  testing.  The  currents  he  observed  were 
strictly  related  to  the  presence  of  humidity  and  to  voltages  above  .5  volts. 
Lower  voltages  or  the  elimination  of  humidity  (either  by  heating  or  by  Crying) 
resulted  in  low  currents.  He  therefore  concluded  that  electrolytic  conduction 
is  responsible  for  "low  voltage  failures"  since  high  voltages  could  dry  out 
the  cracks.  No. phenomena  that  could  be  related  to  the  growth  of  metallic 
dendrites  was  observed. 

2)  L.C.  Burton  showed  a  conductivity  peak  in  3a ~ i 0 3  in  the  Ohmic  : 1  ow  voltage) 
regime,  near  the  cubic  to  tetragona1  '"ve"S*on  temoerat jre. 

3)  J.P.  Doughe"ty  calculated  tre  "eat  "*se  *  n  a  tyt-cal  r-u't'  layer  cacao**:" 
due  to  hysteresis  losses  *'"cn  AC  voltages,  -e  **~:s  t~at  12  «c'ts  ~"s  ca- 
heat  a  typical  capacitor  cr.ip  at  >2C°C  per*  seconc  -b  to  12C-1A1:2.  )r  a 
ambient  this  was  said  to  develop  stresses  up  to  ACC  o I  per  a-  mete"  **: —  11 
seconds . 

r.  Microwave  l-‘ater*a's 

The  Japanese  devel  opments  desc-'ted  n  tn*s  secti  o'*  are  a  di  "ect  outcome 
of  an  initiative  by  t"e  .)aca"ese  government,  * . e .  f.e  previously  "oted 
installation  of  satellites  'or  direct  broadcast  TV.  ~hese  materials  transcenc 
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earlier  U.S.  developed  microwave  dielectrics,  both  in  time  as  well  as  in 
performance. 

1)  Tamura  (Murata)  reported  on  Ba ( Mg^ / 3  Ta2/ 3 )  O3  that  develops  a  high  Q  due 
to  MgTa  ordering,  and  the  subsequent  development  of  a  hexagonal 
superstructure.  It  appears  from  infrared  spectrum  examinations  that  a  strong 
c-a  bond  strength  anisotropy  contributes  to  the  higher  Q's.  10%  BaSn03  was 
added  to  the  material  to  provide  more  sinterabi lity.  This  raised  the  Q  even 
more,  even  though  the  superlattice  lines  tended  to  disappear.  Q  values  of 
20,000  with  K's  of  24  were  seen  at  10  gHz. 

Murata  is  pioneering  the  application  of  infrared  spectrum  analysis  to  the 
improvement  of  electrical  properties  of  electronic  ceramics.  For  details  see 
the  Journal  of  the  American  Ceramic  Society  (1,  1986)  and  the  Japanese  Journal 
of  Applied  Physics  (6,  1986). 

2)  Murano  from-Sony  discussed  the  addition  of  <2%  Co  to  PbZr03  to  improve  its 
properties  as  a  dielectric  resonator.  Conventional  solid  state  reaction 
techniques  were  used.  After  some  materials  optimization  and  after  using  a 
disc  of  SrTi03-Ni0-Nb205  in  series  with  it,  a  relatively  high  microwave  K 
(170)  device  with  a  Q  of  1200  was  obtained. 

3)  Sato  from  Oki  worked  on  a  complex  rare  earth,  barium  poly  titanate 
composition  that  gave  a  slightly  higher  Q  (1800)  with  about  half  the 
dielectric  constant  than  the  material  shown  by  Murano.  He  claimed  etchability 
as  an  advantage  for  electrode  plating. 

G.  Anisotropic  Materials 

In  addition  to  what  is  shown  here,  there  is  also  an  effort  on  anisotropic 
materials  in  Or.  Yamagida's  lab  (see  below). 


1)  Kemora  and  Yamaguchi  from  Keio  University  used  molten  salt  synthesis  to 
make  rod-like  potassium-strontium  niobate  crystallites.  The  spontaneous 
polarization  in  these  is  parallel  to  the  major  axis  of  the  rods  and  after 
extrusion  these  rods  were  quite  well  aligned.  X-ray  diffraction  of  sintered 
compacts  shows  consequently  a  very  high  degree  of  anisotropy.  Similar 
techniques  had  been  applied  to  barium  titanate  and  gave  there  a  40% 
improvement  in  maximum  d33 . 

2)  Nagata  (National  Def.  Acad.)  prepared  an  oriented  Pb5Ge30n  type  ceramic  by 
adding  silica  to  the  base  composition.  During  hot  pressing  first  a  glass  is 
formed;  this  then  recrystallizes  with  the  C  axis  normal  to  the  pressing 
direction.  A  highly  anisotropic  ceramic  results  with  a  maximum  pyroelectric 
coefficient  of  15  x  10"2  uC/cm  C,  about  3  times  that  found  in  calcium 
stabilized  PbTi03.  A  933  response  as  high  as  in  PZT  was  mentioned. 

H.  Relaxors  and  Piezoelectric  Materials 

Here  dielectric  constant  as  well  as  anisotropy  of  the  coupling  factors  is 
a  desired  parameter,  similar  to  what  is  being  investigated  in  the  U.S.  (i.e. 
at  Penn  State).  In  addition,  previous  Japanese  work  tends  to  indicate  that 
perovskite  lead  zinc  niobate  could  exhibit  rather  high  piezoelectric 
activity. 

1)  Harmer  reported  on  transmission  electron  microscopy  of  lead  scandium 
tantalate  and  lead  magnesium  niobates  samples.  Superlattice  reflections, 
indicating  short  range  order  of  magnesium  and  niobium  ions  over  small  regions, 
were  found,  even  in  what  were  thought  to  be  disordered  materials.  The 
electrostatic  charge  imbalance  was  said  to  keep  the  ordered  domains  from 
growi ng. 
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2)  W.  Schulze  analyzed  lead  magnesium  niobate  with  excess  magnesia  and 
found  a  high  dielectric  constant,  even  though  the  excess  magnesia  seems  to  be 
concentrated  near  the  grain  boundaries.  An  effect  of  the  magnesia  on  the 
ordering  of  the  PMN  structure  is  suspected. 

3)  Inagaki  from  Marcon  Electronics  Corp.  showed  barium  and  titanium  to 
stabilize  the  perovskite  structure  in  lead  zinc  niobate.  Barium  stabilization 
has  been  published  previously  by  Penn  State  workers. 

4)  Ichinose  (Waseda  University)  added  as  much  as  35  moleX  calcium  (as  well 

as  Ba  and  Sr)  to  PbTi O3  and  found  a  peak  in  the  spontaneous  polarization  of  42 
uC/cm  with  a  of  55X  and  a  curie  point  downshift  of  400°C.  The  maximum 
Kg/Kp  ratio  was  at  25X  calcium.  Nice  work. 

5)  Sakata  (Science  Univ.  of  Tokyo)  investigated  lead  zi rconate-lead  tin  zinc 
niobates  and  obtained  relatively  dense  samples,  having  dielectric  constants 
below  400  and  a  significate  anisotropy  of  the  coupling  factors.  Their  d33 
values  were  near  42,  d3i  values  about  8.5  and  dj.5  values  were  near  150.  The 
material  seems  to  be  an  improvement  over  lead  titanate  for  high  frequency 
pulse  applications. 

6)  Honda  (Mitsubishi)  inhibited  the  grain  growth  and  increased  the 

si nterabi 1 i ty  of  sodium  lithium  niobate  through  the  addition  of  1/2X  alumina. 
Dielectric  constants  of  110  and  coupling  coefficients  of  42%  seem  to  make  also 
this  material  useful  for  high  frequency  pulse  applications. 

7)  Tashiro  (Nat.  Def.  Acad.)  investigated  piezoelectric  and  mechanical 
properties  of  lead  bismuth  sodium  iron  niobate-lead  titanate  solid  solutions 
as  a  function  of  lead  titanate  content.  The  material  has  a  significant 
anisotropy  of  its  el ectromechani cal  coupling  factor.  The  behavior  is  very 
similar  as  that  of  lead  titanate  ceramic  sintered  througn  doping  with  calcium, 
samarium  or  lanthanum.  The  author  finds  a  close  correlation  between  Kp  and 


the  Poisson's  Ratio.  The  problem  of  trying  to  relate  a  ratio  to  a  constant 
is  acknowledged.  The  author  was  probably  not  aware  of  previous  work  in 
relating  the  Poisson's  Ratio  to  the  Kp/Kc  ratio. 

I.  Piezoelectric  Transducers 

Only  little  U.S.  research  on  bending  elements  has  been  reported  recently. 
Japanese  work  on  this  is  reported  in  the  following  3  papers: 

1)  Uchino  from  Sophia  University  presented  the  construction  of  a  monomorph 
that  used  barium  titanate  reduced  to  a  resistivity  of  about  10  ®  OHM-cm.  When 
coated  with  a  surface  barrier  electrode,  it  showed  as  much  as  100  um 
deflection  with  an  applied  field  and  it  exhibited  mechanical  resonances  that 
make  it  also  useful  for  buzzer  and  pump  applications.  This  was  one  of  the 
more  ingeneous  devices  shown  at  this  meeting. 

2)  Saki  (Toyo  Soda)  also  showed  a  Barium  Titanate  based  monomorph.  It  was 
initially  reduced  to  semiconductivity  and  was  then  partially  reoxi di zed-i n 
from  the  surface,  in  so  as  to  get  a  conductivity  gradient  and  thereby  (with 
voltage)  a  bending  moment.  The  processing  used  is  very  similar  to  that 
applied  to  a  high  voltage  fine  grain  barium  titanate,  surface-barri er  type 
capacitor. 

3)  Tamura  at  Sony  Central  Labs  showed  me  a  piezoelectric  bimorph  that  utilized 
a  rather  complex  lead  bismuth  nickel  zinc  niobium  titanium  zirconiate  as  the 
driving  material.  A  "shim  plate"  between  the  two  piezoelectric  driving  plates 
was  made  out  of  oriented  carbon  fibers.  This  carbon  fiber  plate  has  more  than 
an  order  of  magnitude  anisotropy  in  its  modulus.  This  removes  the  mounting 
constraint  from  the  driver  plate  to  become  narrower  as  its  length  increases 
(because  of  its  Poisson  ratio).  As  a  result  of  this,  a  35%  to  50%  increase  in 
bimorph  deflection  was  claimed.  This  appears  to  be  a  well  thought-out  remedy 
to  a  not  always  recognized  limitation  of  bimorph  operation. 


4)  Kikuchi,  an  engineer  at  TDK,  evaluated  the  acoustic  response  of 
honeycomb-shaped  PZT  material.  He  found  the  radial  resonance  reduced  by  a 
factor  of  8  in  magnitude.  Harmonics  of  these  are  almost  completely  absent  and 
the  thickness  resonance  was  reduced  in  frequency  by  almost  30%.  There  is 
furtherore  no  indication  of  thickness  harmonics.  Stiffness  and  Q  are  also 
less  than  in  solid  disks.  The  application  of  honeycomb-shaped  PZT  devices  as 
effective  underwater  acoustic  sources  is  under  consideration. 

5)  M.  Kahn  (the  author  of  this  report)  discussed  preparation  and  performance 
parameters  of  PZT  5A  with  photolythographical ly  defined  ordered  void 
structures.  A  hydrostatic  sensing  gain  of  199  db  ±  3.5  db  up  to  250  KHz  was 
shown.  The  factors  leading  to  enhanced  tensile  fracture  strengths  and 
fracture  energies  of  these  were  also  discussed. 

6)  Takeuchi  (Hitachi)  evaluated  the  response  of  1-3  PZT/polymer  composites  as 
a  function  of  the  PZT  pillar  size  and  volume  fraction.  Coupling  factors  (Kp) 
as  high  as  0.38  appear  to  make  this  configuration  useful  in  the  planar 
vibrational  mode  as  well  as  in  the  flexure  mode.  The  latter  could  find  use  in 
a  lower  acoustic  impedance  piezoelectric  speaker. 

7)  R.E.  Ault  discussed  design  parameters  for  composite  transducers  that  can 
lead  to  the  suppression  of  lateral  resonnances.  This  is  done  by  utilizing  a 
super-lattice  period  in  the  composite  that  gives  rise  to  wide,  lateral 
frequency  stop  bands. 

3)  Jomura  from  Hitachi  Metals  discussed  mechanisms  for  increasing  the 
available  strains  in  a  ceramic,  as  for  instance  oy  volume  changes  caused  by 
phase  transitions.  Transverse  strains  as  high  as  0.1%  at  10  kv/cm  were 


mentioned . 


9)  Abe  from  Toshiba  discussed  a  polynomal  expansion  of  the  electric  field  in 
terms  of  the  polarization,  applied  to  determine  the  temperature  coefficient  of 
the  electrostriction  for  a  "modified  lead  zinc  niobate  ceramic". 

J.  Piezoelectric  Applications 

1)  H.  Kamata  at  Ok. i  showed  me  an  assembly  line  where  they  are  making  about 
20,000  Sonoboys  a  year.  A  substantial  fraction  of  the  assembly  is  done  by 
hand,  even  though  they  have  some  automated  materials  handling  equipment.  They 
use  monomorphs  as  omnidirectional  sensors.  These  consist  of  a  thin  ceramic 
disc  mounted  on  a  brass  shim  in  an  aluminum  or  plastic  cup.  This  was  used  in 
addition  to  other,  more  conventional  configurations.  The  specifications  of  10 
different  types  of  sonoboys  that  they  have  made  are  attached.  HQS  6B  is 
presently  the  most  popular  type  (70%  of  their  output).  The  sonoboys  I  saw  in 
assembly  used' a  seawater  actuated  battery  that  was  able  to  power  the  buoy  for 
up  to  8  hours  (shorter  times  were  programmable).  The  construction  of  the 
bimorph  sensing  element  as  well  as  of  the  sonoboy  itself  did  not  appear  to  be 
hardened  for  elevated  pressures  or  for  shock  loads. 

2)  R.  Ting  reported  on  a  6  foot  by  6  foot  hydrophone  array  which  was  maae 
up  of  5  inch  square  elements  of  PV0F  encapsulated  in  flexible  polyurethane. 

The  difficulty  with  this  material  is  in  its  loss  of  piezoelectric  sensitivty 
at  60°C,  its  low  dielectric  constant  and  in  its  planar  anisotropy.  He  a^so 
mentioned  VDF  -TRFE  copolymers  that  are  relatively  staple  up  to  SS^C.  ~e  a'so 
discussed  the  performance  of  a  1-3  composite  made  by  0 1 es sy  that  was  sa1  o  to 
have  a  gh  as  high  as  AQmvm/N  with  chances  of  only  3  db  under  static  pressures 
to  35  MPa. 

3)  Two  papers  on  piezoelectric  ceramic  actuators,  one  by  ’axahashi  and  anotren 
one  by  Yoshura  (both  from  the  NEC)  described  the  advantages  of  a  pi ezoel ect r' c 
tape  puncher  in  which  small  size  actuators  are  mounted  in  close  proximity:  it 


is  relatively  silent  and  with  the  inductive  source  described  by  Takahashi 
requires  only  little  energy  for  operation. 

4)  Chubachi  (Tohoku  Univ.)  continues  to  develop  his  line  focus  beam  acoustic 
microscope.  It  tests  local  variations  in  elastic  properties  of  a  surface  at 
225  mHz.  Significant  differences  in  propagation  velocity  were  shown  across  a 
PZT  ceramic  wafer.  This  is  a  sophisticated  system  that  appears  essential  to 
make  high  quality  surface  acoustic  wave  devices. 

K.  Varistors 

1)  Matsuyama  (Tayo  Yuden)  discussed  electrical  properties  of  strontium  calcium 
titanate  based  varistors,  indicating  that  lower  oxygen  pressure  results  in 
lower  bulk  resistivities.  After  indiffusion  of  sodium  oxide  this  gives 
varistors  with  higher  alpha  at  larger  currents  and  therefore  a  larger  surge 
energy  absorbing  capability. 

2)  TDK  are  also  making  varistors,  both  out  of  reduced  and  grain  boundary 
oxidized  strontium  titanate  as  well  as  out  of  T i O2 .  It  appears  that  the  Ti O2 
based  varistors  have  about  twice  the  dissipation  factor  of  strontium  titanate 
based  devices  below  2  KHz,  but  at  higher  frequencies  their  loss  is 
significantly  less. 

3)  An  interesting  varistor  application  is  a  washer  like  structure  made  by  TDK 
with  segmented  electrodes.  It  is  designed  to  be  mounted  behind  and  connected 
to  the  collector  of  fractional  horsepower  universal  motors  to  suppress  arcing 
and  prolong  brush-life.  Only  a  very  reliability  conscious  user  of  small 
motors  could  be  expected  to  pay  the  required  premium  for  such  a  feature. 

L.  Substrates  and  Mechanical  Properties 

1)  Takahashi  from  Toshiba  showed  data  on  the  use  of  yittnum  oxide  as  a 
sintering  aid  in  aluminum  nitrate.  Its  quantity  has  to  be  closely  controlled 


but  it  is  claimed  if  that  the  oxygen  content  kept  below  1%,  2  to  3  times  the 
thermal  conductivity  of  aluminum  nitrate  that  is  hot  pressed  without  a 
sintering  aid  can  be  achieved. 

2)  Nihara  (Nat.  Def.  Akad)  discussed  strength  and  fracture  toughness  of  CVD 
prepared  silicon  carbide.  There  was  no  glassy  phase  in  the  grain  boundaries 
and  as  a  result  the  material  had  good  high  temperature  strength.  The  CVD 
process  conditions  were  manipulated  to  generate  irultiple  stacking  faults  and 
these  faults  were  found  to  deflect  cracks  and  increase  fracture  toughness 
considerably.  Very  significant  work. 

.3)  Yamamoto  (Nat.  Def.  Acad.)  determined  stress  magnitudes  and  anisotropies 
in  various  poled  lead  titanate  and  PZT  compositions  by  measuring  indentations 
crack  lengths. 

M.  Photovoltaics 

1)  Uchino  (Sophia  Univ.)  described  a  relay  that  was  activated  by  the 
photostricti ve  effect  in  PLZT:  light  generates  charges  at  the  surface  of  a 
bimorph.  The  charge  accumulation  causes  a  photovoltage  and  the  high  d3 3  of 
the  poled  PLZT  then  causes  strain  and  a  deflection  of  the  PLZT.  This  was  used 
to  operate  a  snap  switch.  Illumination  of  an  oppositely  poled  PLZT  strip 
causes  an  opposite  voltage  that  can  be  used  to  reverse  the  switch  action.  The 
high  device  impedance  causes  it  to  require  2  sec  to  100  sec  for 

equi  1  i  bri  ati  on.  The  oehavior  is  described  graphically.  A  nice  piece  of  device 
engi neeri ng . 

2)  8.  Koepke  reported  on  a  study  of  PLZT  compositions  designed  to  obtain 
optimum  light  switching.  He  found  the  lowest  switching  levels  with  Zr/--, 
ratios  of  <  65/35  and  with  <9.4%  La. 

3)  A.  Haertlig  reported  on  photoconductivity  in  biased  PLZT;  When  a  voltage  's 
used  to  close  a  PLZT  shutter  to  (block)  strong  light,  polarization  at  the 


DEVELP. 


electrodes  causes  then  an  internal  bias,  that  changes  the  resultant  shutter 
characteristics. 

N.  Modeling 

1)  Banno  (NEK)  elaborated  on  his  previously  introduced  cubes  model  for  voids 
in  ceramics.  He  introduced  a  shape  factor  to  describe  voids  that  are 
isotropic  only  in  the  X-Y  direction  and  calculates  electrical,  mechanical  and 
piezoelectric  properties  for  ceramics  having  porosities  up  to  15%. 

Interesting  correlations  to  experimental  data  are  shown  for  conventionally 
pressed  materials,  assuming  nearly  round  pores  and  for  hot  pressed  materials 
assuming  an  X-Y  diameter  twice  times  the  Z  thickness.  This  model  could  be 
applicable  to  the  determination  of  average  pore  shape. 

2)  Kagegava  (Chiba  Univ.)  showed  a  technique  for  determining  compositional 
fluctuations  from  the  width  of  x-ray  diffraction  lines.  The  calculation  is 
based  on  the  differences  in  line  width  obtained  from  different  lattice 
spacings.  Very  elaborate  and  very  interesting. 

III.  Panel  Meeting  on  Piezoelectrics 

Professor  Newnham  did  an  outstanding  job  at  initiating  and  encouraging 
discussion.  It  would  be  my  recommendation  though  to  try  to  schedule  the  pane 
in  the  future  for  the  second  or  third  day,  so  as  to  give  the  participants  a 
chance  to  become  better  acquainted  first. 

1.  There  were  some  comments  about  making  geometries  with  graded  impedances, 
as  one  could  get  from  filler  concentration  gradients  in  0-3  composites. 

2.  PVDF  material  apparently  has  been  a  disappointment.  Some  of  tHe 
shortcomings  quoted  concern  its  high  output  impedance,  its  large  transverse 
response  and  its  excessive  flexibility  that  were  quoted  to  give  rise  to 


3.  There  was  some  discussion  about  the  d3i  parameter  to  have  imaginary  as 
well  as  a  real  components:  Positive  d3i  values  were  measured  in  lead  titanate 
at  certain  temperatures.  There  was  also  some  discussion  on  the  contribution  of 
the  electronic  structure  to  the  high  polarization  and  Curie  point  of  this 
material.  Its  anisotropy  is  particularly  useful  in  high  frequency 
piezoelectric  1-3  arrays  where  the  interaction  between  the  individual  elements 
in  the  transverse  mode  has  to  be  minimized. 

4.  There  was  some  discussion  of  the  mechanisms  that  control  the  d3i 
parameter.  One  is  the  Poisson  ratio  of  the  material  and  another  one  is, 
caused  by  a  high  c/a  ratio  that  can  give  rise  to  microcracks  or  microfissures 
that  reduce  the  d3i /d 33  ratio.  Excessive  poling  voltages  can  do  the  same. 

5.  NEC  was  specifically  quoted  as  having  a  strong  position  in  the  manufacture 
of  low  cost  piezoelectric  motors. 

Hard  piezoelectric  materials  with  low  hysteresis,  low  aging  and  high 
mechanical  toughness  are  generally  preferable  for  this  application.  In 
addition,  a  high  Q  increases  the  potential  efficiency  of  the  motor.  This  is 
critical  in  battery  powdered  applications.  In  addition  one  of  course  wants 
the  highest  possible  strains.  Ceramic  compositions  near  phase  boundaries  look 
therefore  most  attractive,  except  that  materials  with  strains  in  excess  of  6% 
(i.e.  Bismuth  Ferrite)  are  self  destructing.  Another  approach  is  the 
utilization  of  el ectrostri cti ve  phenomena  and  consideration  is  being  given  to 
strain  magnification  through  the  preparation  of  non-homogeneous  devices. 

6)  Apparently  there  is  a  direct  inverse  relationship  of  the  coupling  factor 
(Kj/Kp)  ratio  to  the  ionic  size  of  dopants  in  lead  titanate.  Doping  with 
gadolinium  gives  the  highest  and  with  lanthanum  gives  the  lowest  anisotropy. 
Cobalt  doping  is  an  exception,  it  gives  a  relatively  high  anisotropy  for  its 
ionic  size. 


IV.  Visit  to  Or.  Yamagida's  Laboratory  at  the  University  of  Tokyo 


Dr.  Yamagida  and  his  coworkers  are  involved  in  a  variety  of  activities: 

1)  They  are  trying  to  raise  the  anisotropy  of  barium  titanate  made 
from  fibrous  precursors  (Journal  of  the  American  Ceramics  Society,  April, 

1985)  by  doctor  blading,  stacking  and  firing  thick  films.  2)  One  of  Dr. 
Yamagida's  main  interests  is  the  development  of  materials  for  sensing 
applications.  The  attached  table  summarizes  some  of  his  efforts  in  this  area. 
Their  work  on  porous  zinc  oxide  is  continuing  with  various  electronic  dopants 
so  as  to  increase  its  sensitivity  and  specifity.  3)  They  have  investigated 
the  PTCR  effect  and  lattice  parameters  in  barium  titanate  doped  with 
neodymium.  They  have  verified  sel f-compensati on  (occupancy  both  of  barium  and 
titanium  sites)  at  neodymium  concentrations  above  .15%.  (Journal  Korean 
Ceramics  Society,  1985).  4)  They  have  looked  at  additions  of  .5%  to  10%  of 

alumina  to  ZnO,  to  zirconia  and  to  strontium  cloride  to  increase  the 
conductivities  of  these  systems.  The  responsible  mechanisms  range  from 
lattice  substitutions  in  ZnO  to  interfacial  ionic  conductivity  of  alumina 
particles  in  strontium  cloride,  as  well  as  in  calcium  fluoride  and  in  barium 
fluoride.  5)  They  have  a  program  evaluating  conductivity  and  weight  loss 
behavior  of  single  oxide  systems  (rock  salt  structures)  as  NiO,  MgO,  and  MnO 
and  others  that  are  amenable  to  modelling. 
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6)  Kishimoto  from  this  laboratory  presented  at  the  Toyama  meeting  an  excellent 
piece  of  work  on  pure  BaTi O3  tapes,  that  had  been  mechanically  compressed 
after  burnout.  He  showed  that  after  firing  he  obtained  a  relatively  flaw  free 
material,  in  which  both  electrical  breakdown  and  mechanical  bending  test 
failures  originated  in  the  grain  boundaries.  This  work  had  been  preceeded  by 
high  temperature  breakdown  studies  in  MgO.  There  they  found  localized  thermal 
breakdown  channels  (similar  to  what  we  are  seeing  in  PTCR  devices)  and  also 
lower  breakdown  strengths  in  single  crystals  in  the  presence  of  dislocations. 
They  found  even  lower  breakdown  strengths  in  polycrystalline  structures 
(Journal  of  Material  Science,  1985). 

Professor  Yamagida's  group  contains  30  people.  They  have  constructed 
some  relatively  sophisticated  systems  for  heat  treating  and  testing  of  devices 
under  complex  conditions  of  gas  composition  and  gas  flow.  They  also  have  set 
up  a  rudimentary  tape  casting  facility.  They  seem  to  be  quite  strong  on 
equipment  they  put  together  themselves. 

V.  Plant  Visits 

1)  At  the  central  laboratory  of  the  Sony  Corporation,  they  showed  feasibility 
of  increasing  the  memory  capacity  of  a  laser  disk  memory  by  three  orders  of 
magnitude.  This  requires  cooling  the  storage  media  to  the  temperature  of 
liquid  helium  and  frequency  modulating  the  laser  beam,  allowing  a  read  out  at 
each  spot  at  1000  different  frequencies.  This  is  made  possible  by  the 
different  environments  of  neighboring  atoms  into  which  die  molecules  in  the 
storage  media  are  frozen:  The  exact  frequency  response  of  each  die  molecule 
is  determined  by  the  force  field  generated  by  surrounding  molecules. 

They  also  had  an  impressive  array  of  CVD  reactors,  designed  to  control 
the  gas  flow  so  as  to  permit  abrupt  changes  in  the  compositions  of  the 
deposited  films.  More  informally  we  discussed  technical  information  transfer: 


They  were  not  complimentary  at  all  on  the  scope  and  quality  of  technical 
Information  from  Russia  or  China.  Information  generated  in  the  United  States 
was  quoted  as  being  very  useful  but  information  generated  in  Japan  was  said  to 
have  even  more  engineering  content  and  show  more  applied  results  than  that 
generated  in  the  United  States. 

2)  At  the  TDK  capacitor  plants  in  Akita,  Hr.  Furukawa  explained  that  they  are 
mixing  their  raw  materials  in  high  speed,  plastic  coated,  continuous  flow, 
disk  mills,  with  the  material  recirculated  two  or  three  times  until  the  right 
particle  size  is  measured  (on  a  Leeds  and  Northrop  microtrack).  The  material 
is  then  filtered  and  calcined  in  Saggers.  At  least  for  disk  capacitor 
preparation  the  material  is  then  spray  dried. 

They  make  560  million  disks  a  month.  Thinner  disks  are  made  by 
punching  sheets,  heavier  parts  by  rotary  pressing.  On  the  surface  their 
in-line  lead  forming  and  disk  assembly  machines  look  very  similar  to 
equipment  used  more  than  20  years  ago  in  the  now  almost  defunct  U.S.  disk 
capacitor  industry. 

Some  changes  included  a  novel  soldering  approach  where-in  only  the  leads 
were  dipped  into  the  solder  pot  and  the  solder  ball  that  accumulated  on  each 
lead  end  was  used  to  provide  solder  when  sweating  the  leads  to  the  disks.  Two 
cleaning  and  coating  stations  were  also  included  with  each  assembly  machine. 

An  automatic  outline  inspection  machine  using  video  cameras,  was  also  used. 

The  only  significant  amount  of  manpower  in  the  whole  line  was  at  final 
packaging  where  the  capacitors  strips  were  respooled  from  the  large  wheels 
used  in  the  line  to  small  packaging  wheels.  At  that  location  a  girl  inserted 
capacitors  by  hand  into  the  empty  spots  on  the  belt  where  previously  rejects 


One  reason  for  their  success  in  building  and  maintaining  their  disk 
manufacturing  operation  is  probably  in  their  local  customer  base.  Disk 
capacitors  are  largely  used  in  the  assembly  of  entertainment  equipment,  of 
which  there  is  practically  none  left  in  the  U.S.  It  appears  though  that 
history  has  come  a  full  circle,  insofar  as  part  of  the  Japanese  disk 
manufacturing  operations  are  being  transferred  elsewhere.  Not  only  due  to 
lower  labor  costs,  but  also  because  the  market  for  disk  capacitors  that  has 
developed  in  other  countries. 

TDK  are  using  3  different  methods  for  making  multilayer  capacitors:  I 
was  shown  their  most  mature  activity  in  which  the  dielectric  as  well  as  the 
electrode  layers  are  laid  down  by  screening.  The  latter  operation  plus  the 
drying  ovens  as  well  as  a  return  belt  and  the  required  substrate  handling 
fixtures  were  all  in  one  integral  unit,  better  than  15  feet  long.  Because 
drying  is  required  after  each  screening  cycle,  the  output  of  each  machine  is 
relatively  low.  I  saw  32  of  these  machines.  They  use  one  operator  for  each  4 
machines.  The  operators  (who  are  fully  gowned  for  dust  reduction)  seemed  to 
spend  most  of  their  time  in  cleaning  screens  from  old  set-ups  and  setting  up 
for  new  configurations.  As  in  most  capacitor  manufacturing  there  is  a 
significant  number  of  different  parts  that  have  to  be  made.  The  equipment 
looked  very  clean,  seemed  to  be  running  very  smoothly  with  lots  of  chrome 
plated  and  clean,  painted  surfaces  in  evidence.  As  in  all  manufacturing 
operations  that  I  visited,  everybody  removed  their  shoes  at  the  main 
entrance. 

They  used  diamond  wheels  for  dicing  the  green  pads.  This  is  slower' but 
makes  cleaner  cuts  than  the  blade  dicing  technique  commonly  used  in  the  U.S. 
Automation  of  the  dicing  machines  for  X  and  Y  cutting  on  the  same  machine  was 
still  being  set  up.  There  was  no  smell  from  their  binder  solvent  recovery 


operation  nor  from  their  burn-out  ovens.  They  use  2  day  air  burn-out  in  ovens, 
similarly  to  what  is  practiced  in  the  U.S. 

Multilayer  capacitor  firing  is  done  on  zirconia  slabs  onto  which  the 
chips  are  loaded  in  a  dense,  single  layer  from  an  automatic  loader.  For 
termination  of  chips,  I  saw  them  using  4  U.S.  made  Palomar  terminators.  This 
was  one  of  the  few  activities  where  there  were  a  significant  number  of 
technicians  attending  an  operation. 

They  had  a  room  full  of  automatic  chip  sorting  and  testing  machines.  In 
another  area  there  was  a  number  of  automated  visual  inspection  machines,  in 
which  dual  video  cameras  hooked  up  to  a  computor  were  utilized  to 
automatically  inspect  the  outline  of  chip  solder  coverage  from  each  side.  They 
use  cartridges  to  feed  the  chips  to  and  from  the  machine.  Very  low  reject 
rates  were  observed  in  both  operations. 

TDK  are  also  making  a  range  of  positive  temperature  coefficient  products 
including  a  line  of  honeycombs.  They  are  trying  to  introduce  these  in  clothes 
dryers  and  mentioned  also  baseboard  heater-type  applications. 

In  the  afternoon  Mr.  Furukawa  and  Mr.  Yahagi  discussed  their  development 
work  on  compositions  and  grain  size  control  for  internal  barrier  layer 
strontium  titanate  based  dielectrics  (via  adjustments  of  stoichiometry)  and 
also  by  additions  of  maganese  oxide  and  of  10%  calcium  titanate.  In  addition 
they  seemed  quite  concerned  about  factors  leading  to  delamination  in 
multilayer  capacitor:  They  are  using  exclusively  100%  palladium  electrodes 
with  high  fired  dielectric  compositors.  There  seems  to  be  an  incipient 
development  of  silver  bearing  internal  capacitor  electrode  systems.  They 
showed  TGA  curves  and  suggested  that  the  rapid  weight  loss  at  the  temperature 
that  the  palladium  oxide  becomes  unstable  may  be  responsible  for  their 
delamination  problems.  They  had  evolved  a  thermal  shock  testing  technique 


which  was  said  to  be  able  to  detect  delaminated  capacitors.  They  seem  to  be 
well  aware  of  U.S.  publications  in  this  area.  TDK  seem  to  be  relatively  strong 
in  equipment  design,  their  engineering  manager  seems  to  be  an  expert  in  this 
area.  They  claimed  to  be  able  to  sell  chips  at  2  yen  each  and  make  a  profit. 
Their  equipment  was  constructed  like  money  was  no  object,  with  extended 
unattended  operation  to  be  one  of  the  foremost  design  parameters.  As  noted, 
low  output  rates  were  compensated  for  by  more  machines. 

In  a  different  location  (near  Tokyo)  TDK  has  a  substantial  operation 
manufacturing  hybird  circuits.  They  were  said  to  use  1  1/2  ton  of  silver 
paints  a  month  and  an  unspecified  amount  of  Bi rox  resistor  material  from 
Dupont.  Low  frequency  as  well  as  microwave  hybi rds  are  made  there  in  an 
automated  assembly'  line.  It  was  said  to  have  30  automatic  screeners  with 
parts  handled  in  cartridges,  permitting  automatic  loading  and  feeding  into 
processing  equipment  and  kilns.  The  majority  of  these  hybi rds  was  said  to  go 
into  telecommunications  applications. 

3)  Dr.  Banno  gave  me  a  tour  through  the  NGK  Spark  Plug  plant.  This  facility 
is  heavily  automated:  They  have  a  substantial  metal  working  plant  in  which 
relatively  old  German  and  American-made  equipment  is  automatically  making  the 
metal  parts  for  spark  plugs.  The  material  here  is  handled  in  bulk  with  manned 
fork  lifts  moving  large  containers  full  of  small  parts.  In  the  plating 
operation  and  in  the  ceramic  preparation  and  assembly  plant,  90%  or  more  of 
materials  handling  is  automated. 

Their  alumina  is  wet  milled  and  spray  dried.  The  spark  plugs  are 
hydrostatically  pressed,  go  through  a  curing  cycle,  are  cut  and  ground  to 
shape,  fired,  marked,  glazed  and  fired  again  with  very  little  human 
intervention  in  the  process.  Copper  electrodes  are  used  in  the  spark  plugs. 


and  nickel  plating  is  applied  to  the  business  end  of  the  electrode  to  provide 
erosion  protection.  Talcum  is  used  for  sealing  the  electrode  to  the 
insulator.  A  significantly  larger  fraction  of  the  machinery  on  the  floor  is 
dedicated  to  handling,  moving  and  aligning  the  parts  than  to  the  operations 
themselves.  It  appears  that  careful  design,  construction  and  upkeep  of  such 
equipment  is  at  least  in  part  responsible  for  the  Japanese  productivity.  I 
saw  relatively  old  equipment  running  unattended,  having  a  multitude  of 
interlocks  and  safety  switches  monitoring  its  operation.  Apparently 
mechanical  linkages  and  relay  logic  were  broadly  used  to  program  the 
equipment. 

NTK  (an  affiliate)  is  marketing  a  wide  range  of  "fine"  ceramic  products. 
They  have  a  broad  line  of  455  KHz  piezoelectric  band  pass  filters  and  fm 
discriminators,  7-15  MHz  frequency-control  resonators  and  piezoelectric 
ceramic-metal,  as  well  as  ceramic-ceramic  bymorph  elements  for  audio  tone 
generators.  They  also  have  an  extensive  line  of  piezoelectric  ignitors.  They 
also  make  a  variety  of  piezoelectric  transducers:  Some  are  finished  into 
hydrophones,  others  are  assembled  into  transmitters  in  what  appear  to  be  both 
military  as  well  as  civilian  applications.  They  are  also  making  piezoelectric 
oil  level  detectors,  engine  knock  sensors  as  well  as  both  T i O2  and  zirconia 
oxygen-pressure  measuring  elements.  They  furthermore  have  an  extensive  line 
of  alumina  insulators,  heater  supports,  thread  guides,  metallized  substrates 
for  microcircuit  packages  as  well  as  silicon  carbide  cutting  tools,  bearing 
elements,  compressor  rotors  plus  a  variety  of  ceramic  parts  for  air-cooled 
internal  combustion  engines.  They  also  showed  me  beta  alumina,  solid 
electrolyte  batteries  presumably  designed  for  load  leveling  applications 
in  electric  power  grids.  Altogether  a  very  respectable  product  line. 


V I .  Summa  ry 

A  U.S.  manufacturer  would  find  it  nearly  impossible  to  make  at  a  profit 
from  a  broad  line  of  new  devices  with  special  materials,  as  I  saw  at  NGK, 
without  a  more  extensive  and  costly  incubation  time  than  is  usually  found 
acceptable.  One  has  therefore  to  conclude  that  the  Japanese  implementation  of 
some  of  these  technologies  is  due  to  their  use  of  other  than  early 
profitability  criteria  when  they  make  decisions  on  the  introduction  of  new 
products.  The  wide  spread  of  their  decision  making  process  may  contribute  to 
this:  a  midlevel  manager  who  {at  least  in  Japan)  is  looking  at  a  15  year 
future  with  his  employer,  is  more  apt  to  take  the  long  view  than  a  senior 
executive  who  is  concerned  with  the  reaction  of  stockholders,  most  of  whom  may 
have  only  little  longterm  commitment  to  their  corporation. 

Notwithstanding  a  low  unemployment  rate,  (by  U.S.  standards)  there 
appears  to  be  quite  a  sense  of  competition  in  Japan.  It  is  not  certain  that 
people  in  Japanese  industry  work  any  harder  than  in  the  U.S.,  but  Japanese 
professionals  seem  to  be  putting  in  longer  hours.  One  cannot  fail  to  be 
impressed  by  their  factories.  It  appears  that  they  have  set  out  to  do  things 
the  "right  way"  with  a  willingness  to  spend  rather  substantial  amount  of  money 
to  obtain  properly  designed  manufacturing  equipment.  It  appears  that  because 
of  a  conceived  high  labor  cost  (that  still  may  well  be  lower  than  in  the  U.S.) 
the  Japanese  have  improved  their  productivity  by  beating  on  banks  and  on 
machine  designers  in  preference  to  beating  on  their  production  force: 

They  have  automated  many  hard  to  mechanize  materi al s-handl i ng  operations 
that  manufacturers  in  the  U.S.  often  find  it  more  profitable  to  perform  with 
manual  labor.  One  is  led  to  the  conclusion  that  funds  expended  on  equipment 
designers  and  model  builders  somehow  carry  much  lowc  overhead  adders  than 
those  expended  for  direct  labor. 


I  saw  numerous  Japanese  items  that  are  sold  in  the  United  States  at  lower 
prices  than  in  Japan.  This*  would  imply  that  at  least  in  1986  Japanese 
manufacturers  and  traders  exported  merchandise  at  significantly  lower  profit 
margins  than  were  extracted  from  sales  within  Japan. 

The  support  of  advanced  technologies  by  the  Japanese  government  takes 
many  forms;  for  instance  as  suitable  sensors  are  being  developed,  their  use  is 
mandated  universally,  as  for  instance  sensors  for  the  presence  of  escaping 
cooking  gas.  Right  now  there  seems  to  be  some  discussion  on  mandating  the  use 
of  ceramic  PTCR  heaters  instead  of  ni chrome  in  laundry  dryers  and  even  in 
space  heaters.  The  lower  surface  temperatures  of  PTCR  heaters  reduce  the  fire 
hazard  posed  by  dried  lint,  paper  scraps,  etc.  These  applications  have  been 
considered  in  the  United  States  more  than  10  years  ago  but  were  rejected  then, 
largely  due  to  the  high  material  costs.  There  are  a  number  of  Japanese 
manufacturers  who  have  now  built  up  a  significant  PTCR  manufacturing 
capability  and  if  the  use  of  ceramic  PTCR  heaters  is  legislated,  one  could 
expect  roughly  a  doubling  in  the  tonnage  of  electronic  ceramics  produced  in 
Japan  (PTCR  devices  have  a  much  larger  mass  than  nviltilayer  or  even  disk 
capacitors ) . 

When  looking  at  the  scope  of  Japanese  research,  the  breadth  of  their 
product  lines  (specifically  in  high  tech  ceramics)  and  at  their  investment  in 
automation  and  materials  handling,  one  is  forced  to  conclude  that  many 
decisions  on  expenditures  and  investments  are  made  with  only  small  regard  to 
the  immediate  return  on  the  investment.  One  can  easily  infer  that  centralized 
funds  are  made  available  for  the  sole  purpose  of  advancing  technology  and 
raising  productivity.  The  government  then  has  a  vested  interest  in  supporting 
the  market  for  new  products,  i.e.  by  legislation  or  by  policies  that  lead  to 
increased  exports.  With  the  recent  downturn  in  Japanese  exports  one  can 


expect  increased  encouragement  of  internal  Japanese  consumption.  The  decision 
to  initiate  for  instance  direct  satellite  broadcasting  in  Japan,  has  given 
rise  to  a  considerable  amount  of  activity  towards  the  development  and 
manufacture  of  microwave  home  satellite  receivers:  10  gHz  frequencies  allow 
receiving  dishes  only  a  little  above  2  feet  in  diameter  and  stable  small 
resonators  are  needed  for  local  osscillator  frequency  control.  They  are 
presently  transmitting  on  two  channels,  giving  excellent  pictures.  The  use  of 
even  higher  frequencies  is  envisioned.  As  noted,  a  significant  amount  of 
research  in  ceramic  dielectrics  is  directly  attributable  to  this  decision. 

Japan  is  still  a  land  of  contrasts.  One  sees  people  using  abacuses,  but 
in  many  areas  one  notices  penetration  of  advanced  technology  in  consumer  areas 
which  are  more  advanced  than  those  found  in  the  U.S:  One  sees  for  instance 
hand  calculators  with  graphics  programs  and  displays,  pay  television  in  the 
back  seat  of  taxi  cabs,  computerized  wake-up  calls  in  hotels  and  other 
sophisticated  consumer  electronics.  The  quality  of  their  train  system  has  no 
equal  in  the  U.S. 
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My  trip  to  Japan  was  very  brief  because  of  teaching 
commitments  at  Penn  State.  I  spent  just  one  week  in  Japan  with 
air  flights  on  two  consecutive  weekends.  On  Sunday,  November  9 
through  Wednesday,  November  12  I  attended  the  Seminar  at  Toyoma, 
after  which  I  visited  N.E.C.  on  Thursday  and  spoke  at  the 
Satellite  Symposium  Friday. 

I  was  favorably  impressed  with  the  quality  of  the  Seminar 
on  Dielectric  and  Piezoelectric  Ceramics .  The  setting  at  Toyoma 
was  conducive  to  extensive  interaction  between  the  U.S.  and 
Japanese  delegations.  The  auditorium  at  YKK  was  excellent  and 
the  meeting  organizers  (Prof.  Yamaguchi  and  Dr.  Freiman)  did  a 
fine  job  in  selecting  participants  and  laying  out  the  program. 

My  only  regret  is  that  there  were  not  enough  U.S. 
industrial  participants.  About  80%  of  the  U.S.  delegation  was 
from  university  and  government  laboratories,  while  80%  of  the 
Japanese  were  from  industry.  This  is  not  meant  as  a  criticism 
of  the  selection  process.  I  know  that  Dr.  Freiman  and  Dr. 
Pohanka  tried  very  hard  to  recruit  more  industrial  scientists 
for  the  meeting.  A  change  in  policy  involving  guidelines  for 
the  meeting  needs  to  be  invoked  before  the  next  symposium.  Both 
delegations  should  be  more  evenly  balanced  between  industry, 
university,  and  governmental  scientists. 
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In  regard  to  the  technical  content  of  the  meeting,  it  is 
difficult  to  comment  on  all  the  papers  presented  but  I  discuss  a 
few  highlights  from  the  Japanese  poster  sessions  in  the 
following  paragraphs . 
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Since  the  last  U.S. -Japan  symposium,  several  Japanese 
capactior  manufacturers  have  commenced  production  of  MLC  with 


base-metal  electrodes.  The  papers  by  Kishi  (Taiyo  Yuden) , 
Sakabe  (Murata)  and  Fujikawa  (Kyocera)  described  BaTiC>3-based 

dielectrics  modified  by  Sr,  Ca  and  Zr.  The  presence  of  excess 
calcium  in  the  titanium  site  seems  to  be  critical  in  preserving 
high  resistivity  during  firing  cycles  under  low  oxygen  pressure 
Capacitors  meeting  X7R  and  Y5V  specifications  are  in  production 
One  wonders  whether  or  not  copper  electrodes  will  be  used  next. 

MICROWAVE  RESONATORS 

Several  papers  describing  microwave  dielectric  resonators 
were  presented  at  the  Toyama  meeting.  Pb(Zr,Ce)03  ceramics 

developed  by  a  team  of  scientists  from  Sony  and  Narumi  China  ha 
an  unusually  high  value  of  dielectric  constant  (K-170)  and 
electrical  Q  (-1200)  at  3  GHz.  The  K  value  is  about  eight  time 
larger  than  other  resonator  ceramics,  allowing  significant 
reduction  in  resonator  dimensions.  The  use  of  antif erroelectri 
ceramics  was  anticipated  by  others  but  this  is  the  first 
production  lot. 

The  temperature  coefficient  is  not  quite  as  small  as  some 
dielectric  resonators,  nor  is  its  Q  as  large  at  the  5a (Mg, Ta! Cm 

BaSnC>3  ceramics  reported  by  Murata.  The  dielectric  ccr.s~ar.z  cf 


this  material  is  only  24.5  but  the  Q  at  10  GHz  is  20,000,  a  ne\ 
record! 


Laser-induced  chemically  etching  of  PZT  was  demonstrated  by 
Shiosaki  and  Kawabata  of  Kyoto  University.  This  appears  to  be 
an  extension  of  Susan  Trolier's  work  at  Penn  State  on  etched 
tape-cast  transducers.  Shiosaki  showed  a  lot  of  interest  in  the 
paper  she  gave  at  the  ISAF  meeting  in  Lehigh,  although  he  did 
not  credit  her  work.  By  irradiating  the  ceramic  in  a  cool 
etchant  he  greatly  increased  the  rate  of  etching,  which  is  a 
useful  way  of  "customizing"  the  transducer  design. 

The  two  papers  given  by  Uchino's  group  were  excellent.  The 
photodriven  relay  using  PLZT  ceramics  produces  deflections  of 
more  than  100  |im.  A  monomorph  actuator  using  a  ferroelectric 
semiconductor  layer  was  also  described.  When  a  voltage  is 
applied,  the  field  builds  up  on  the  piezoelectric  layer  causing 
a  sizable  deflection  of  the  bilayer  device. 

The  green-sheet  punch  made  by  NEC  was  also  impressive. 

More  than  1600  holes  per  minute  were  punched  by  the  piezo¬ 
electric  actuator. 
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Takeuchi  (Hitachi  Central  Research  Laboratory)  described 
some  experiments  on  planar  mode  vibrations  of  1-3  diced  PZT- 


epoxy  composites.  Surprisingly  large  coupling  factors  of  35% 
were  observed  for  samples  containing  20  to  60  volume  %  PZT.  The 
materials  look  to  be  useful  for  piezoelectric  speakers  and  other 
flexure  mode  devices. 

The  paper  by  Varaprasad  (Naval  Dockyard,  Bombay)  was 
interesting.  He  has  been  experimenting  with  various  polymer 
matrices  for  0-3  composites.  There  were  some  unexpected  changes 
in  the  polymer  dielectric  spectrum  with  and  without  PZT  filler 
It  is  not  clear  why  the  spectrum  changes.  Dr.  Gillman  gave  an 
interesting  poster  on  the  composite  hydrophones  made  by  Plessey 
Australia.  The  sensitivity  surpasses  any  other  commercial 
hydrophone  material. 


NEC  VISIT 

On  Thursday,  November  13  I  visited  the  Central  Research 
Laboratories  of  Nippon  Electric  Research  with  Dr.  Pohanka,  Prof. 
Schulze,  Dr.  Haertling  and  Prof.  Burton.  The  visit  was 
disappointing  in  the  sense  that  we  were  not  shown  the  research 
laboratory  or  the  pilot  plant  operation  for  integrated  ceramics. 
Instead,  we  received  a  cordial  welcome  and  taken  to  the  showroom 
for  electronic  products. 

After  lunch  there  were  talks  by  NEC  scientists  and  the  U.S. 
visitors.  The  NEC  staff  gave  good  reviews  of  recent  progress  on 
AIN  substrates  for  high  power  transducers.  Remarkable  thermal 
conductivities  are  achieved  with  fully-dense  aluminum  nitride 


ceramics . 


Dr.  Utsumi  went  over  the  work  on  monolithic  multicomponent 
ceramics  (MMC) .  Considerable  prcgess  has  been  made  since  I  las 
visited  the  lab  in  December  1985.  At  that  time  they  had  just 
announced  the  interstratif ied  packages  containing  high-and  low- 
permittivity  tapes  with  screen-printed  circuitry  and  ruthenium 
oxide  resistors,  a  four-phase  co-fired  system. 

Four  new  advances  were  reported  during  our  visit:  display 
panels,  ink  jet  printers,  UV  currable  dielectrics,  and 
controlled  space  processing.  Luminescent  display  panels  make 
use  of  the  high  K  layers  in  an  MMC  package.  By  placing  a  high 
permittivity  layer  just  below  the  electroluminescent  phosphor, 
considerable  field  enhacement  and  brightness  is  achieved.  The 
phosphor  display  layer  on  the  outer  surface  makes  good  use  of 
the  area  cleared  by  burying  capacitors  and  resistors  inside  the 
package . 

Ink  jet  printers  can  also  be  added  to  the  package.  The 
miniature  multilayer  printers  described  at  the  Toyama  meeting 
appear  to  be  compatible  with  MMC  technology.  Symmetric 
electrode  configurations  were  found  to  be  superior  to  the  one¬ 
sided  arrangement  reported  earlier.  With  printes  and  display 
the  MMC  technology  will  find  many  additional  applications. 

Integrated  ink  jets  make  use  of  controlled  space 
technology.  This  is  a  way  of  incorporating  patterned  channels 
and  cavities  inside  ceramic  bodies  by  utilizing  shaped  pieces  c 
fugitive  phase.  The  processing  is  similar  to  the  porous  P’ZT 
composites  made  at  Penn  State  and  NRL  but  extensive  use  is  made 


intricate  porosity  patterns  inside  the  ceramic  without  time- 
consuming  processing  steps. 

The  fourth  advance  is  a  UV-curable  dielectric  paste  made 
from  lead  borosilicate  glass  and  alumina  powders  embedded  in  an 
organic  photopolymer  matrix.  Using  patterned  masks,  it  is 
possible  to  build  complex  3-D  circuitry  with  via  holes  as  small 
as  40  microns. 

MMC  technology  is  advancing  very  fast  at  NEC. 


My  last  day  in  Tokyo  was  spent  at  two  meetings.  At  the 
request  of  Prof.  Yamaguchi  and  Dr.  Freiman,  organizers  of  the 
Toyama  meeting,  Prof.  Vest,  Dr.  Pohanka,  Prof.  Harmer  and  I 
spoke  at  a  satellite  meeting  in  Tokyo.  The  same  day  I  took  part 
in  a  second  meeting  with  Japanese  industrial  and  govenment 
leaders.  The  second  meeting  was  organized  by  Dr.  Shirasaki  of 
the  National  Institute  for  Research  on  Inorganic  Materials . 

There  were  no  Japanese  presentations  at  either  meeting. 
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The  following  is  a  series  of  observations  and  highlights  on  the  poster 
session  and  plaint  visitations  resulting  from  this  interaction.  There  is  no 
attempt  made  to  analyze  the  "big  picture"  concerning  long  range  US  or 
Japanese  superiority  in  this  market  area  except  to  reinforce  the  conclusion 
from  the  meeting  four  years  ago.  The  Japanese  companies  appear  to  be 
committing  a  considerably  larger  fraction  of  their  gross  revenues  into 
research  and  development  than  their  US  counterparts.  It  appears  that  the 
emphasis  is  still  on  development  and  that  products  are  stressed  considerably 
above  understanding.  My  personal  projection  is  that  the  Japanese  industrial 
research  and  development  is  progressing  more  rapidly  and  is  definitely  ahead 
of  their  US  counterparts.  This  is  visually  intensified  by  the  willingness 
of  Japanese  companies  to  let  their  personnel  publish. 

The  visitation  to  facilities  represented  a  considerable  change  from 
four  years  ago.  I  understand  that  there  were  still  some  exceptions,  but  the 
visitations  to  NEC  and  Hitachi  offered  no  observations  of  production,  and  in 
the  case  of  NEC,  not  even  viewing  research  facilities  was  permitted.  This 
may  be  a  response  to  the  very  limited  number  of  tours  offered  to  Japanese 
participants  after  the  second  US: Japan  Seminar. 

The  principal  question  that  must  be  addressed  is  if  this  seminar  series 
is  worth  the  expense?  My  feeling  is  that  the  answer  is  yes,  if  the  goal  is 
to  expose  a  broader  group  of  US  workers  to  the  progress  of  the  Japanese  than 
would  normally  exist  and  also  foster  knowledge  of  and  interaction  with  the 
key  Japanese  workers  in  piezoelectric  and  dielectric  ceramics.  The 
interactions  every  two  years  serve  a  number  of  educational  and  social 
functions.  They  allow  a  broader  view  of  the  Japanese  technology  than  most 
of  us  could  afford  to  accumulate.  This  was  most  dramatic  in  the  first 
seminar  when  the  unanimous  conclusion  was  that  we  were  even  further  behind 
than  we  thought.  The  other  educational  benefits  are  the  obvious  lead  time 
derived  from  presentations  well  before  publication  and  the  somewhat 
unpredictable  flow  of  information  during  personal  conversations.  The  social 
interactions  between  individual  researchers  allow  the  development  of  an 
understanding  of  why  some  of  the  work  is  conducted  and  how  the  results  are 
derived.  These  processes  are  roughly  construed  as  "reading  between  the 
lines",  and  in  some  cases,  can  add  considerably  to  technical  results.  Other 
bits  of  technical  information  continue  to  flow  throughout  the  years  in  the 
form  of  notes,  Christmas  cards,  technical  preprints,  and  exchange  of 
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samples. 

The  above  benefits  are  real  and  functioning  for  the  University 
participants  but  are  tragically  lacking  for  most  of  our  industrial  friends 
since  they  chose  not  to  participate.  This  may  be  attributed  to  their 
inability  to  fully  participate  in  presentations  and  plant  visitations  due  to 
corporate  policy.  This  is  also  attributed  to  a  few  oversights  as  evident  by 
the  omission  of  Transelco.  I  personally  feel  saddened  by  the  lack  of  US 
industrial  participation  but  can  offer  neither  reasons  or  solutions.  If  the 
Japanese  industries  withdraw  in  the  same  percentage,  the  series  will  become 
useless.  An  alternative  to  a  formal  series  would  be  to  make  equivalent 
funds  available  to  send  small  groups  to  selected  Japanese  conferences  and 
trade  shows  with  the  purpose  of  gathering  information,  visiting  facilities 
and  developing  personal  contacts. 

The  following  are  comments  and  additional  information  on  the  posters 
presented  at  the  seminar  listed  by  day  and  number  as  given  in  the  abstracts. 

M— 1 

It  is  very  nice  that  this  paper  is  of  US  origin  since  it  is  one  of  the 
first  demonstrations  of  electrically  usable  sol-gel  derived  ferroelectric 
film.  The  ferroelectric  properties  are  comparable  to  bulk  properties  and 
the  processing  is  compatible  with  Si  substrates. 

M— 4 

This  paper  represents  the  exploration  of  a  different  approach  to  the 
preparation  reactive,  high  purity  BaTi03  .  The  hydrothermal  derived  powder 
showed  good  sintering  at  1200C  and  developed  predictable  dielectric 
properties  without  sintering  aids. 
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M-6 

This  work  was  unknown  to  me  and  represents  a  significant  advancement  in 
the  preparation  of  complex  shapes  and  composites.  The  technique  opens  up 
many  possibilities  for  the  preparation  of  devices  at  higher  frequencies 
(higher  than  are  currently  possible).  The  fact  that  this  has  already  been 
shown  to  be  useful  on  ferrites  suggests  that  it  may  also  be  significant  in 
producing  micro  and  millimeter  wave  devices. 
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M-15 

This  is  an  important  statement  because  of  the  tendency  of  workers  to 
consider  MLCs  as  purely  electrical  devices.  Thermomechanical  relations 
should  be  considered  in  any  complete  analysis. 


M— 16 

As  usual,  Martin  Harmer's  observations  continue  to  add  to  the 
understanding  and  confusion  (things  are  more  complex  than  we  perceive)  of 
relaxor  dielectrics.  I  found  the  statement  that  he  has  observed  differences 
in  ordering  near  the  grain  boundaries  particularly  interesting  since  we 
observe  ordering  changes  as  viewed  by  the  dependence  of  the  dielectric 
constant  on  temperature.  It  appears  the  material  formed  later  by  the 
expanding  grain  boundary  may  be  more  ordered. 

W-  22 

Yamashita's  work  demonstrates  the  continued  progress  made  by  many 
Japanese  researchers  on  relaxor  dielectrics.  Conversations  with  the  author 
indicate  that  this  system  is  very  convenient  in  that  it  can  be  modified  (as 
with  BaTi03 )  to  fit  many  of  the  normal  temperature  classifications  from  a 
single  base  system. 


T— 1 

I  found  it  very  interesting  to  see  a  group  pursuing  antiferroelectrics 
as  a  high  K,  high  frequency  dielectric.  The  losses  should  be  much  lower 
since  the  domain  walls  should  not  couple  with  field.  This  is  similar  to 
work  started  at  Penn  State  3  to  4  years  ago. 

All  these  microwave  studies  demonstrate  the  continued  willingness  of 
the  Japanese  to  chase  formulations  on  empirical  grounds.  The  advances  must 
be  very  expensive  and  show  their  resolve  to  dominate  a  specific  market 
segment. 


T-3 

Dr.  Wakino's  group  appears  to  be  one  of  the  few  which  has  programs  that 
utilize  high  frequency  spectographic  analysis  to  project  dielectric  response 
and  to  approach  the  problem  of  a  low  loss  in  a  high  frequency  dielectric  in 
a  scientific  fashion. 
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Dr.  Nishigaki's  high  frequency  dielectric  material,  like  his  low 
frequency  material,  is  extremely  complex  but  works.  This,  again,  suggests 
an  intense  empirical  study. 

T-18 

Photostriction  in  its  present  form  represents  a  laboratory  curiosity. 
These  interesting  and  obscure  phenomena  should  be  remembered  to  be 
considered  for  the  odd  application.  What  they  do  indicate  is  that  Dr. 

Uchino  is  a  very  intelligent  and  imaginative  worker  with  good  industrial 
contacts.  He  will  surely  be  one  of  the  major  players  in  Japanese 
ferroelectric  research  for  the  following  decades. 

W-4 

It  was  rewarding  to  see  the  pressure  stable  hydrostatic  response  from 
the  lead  titanate  based  ceramic.  A  good  test  of  the  usefulness  of  this 
seminar  series  would  be  to  see  if  Bob  Ting's  appeal  for  new  hydrophone 
samples  elicits  a  good  response  from  the  Japanese  participants. 

W-12 

This  device  may  or  may  not  be  important  in  its  own  right,  but  again 
shows  the  range  of  Uchino' s  interests  and  his  industrial  contacts. 

Roundtable  on  piezoelectrics 

Tuesday  evening  I  attended  the  roundtable  on  piezoelectric  materials 
and  devices.  The  attendance  was  sufficient  to  fill  the  room  with  a  few  late 
comers  having  to  sit  away  from  the  "Japanese"  table.  The  following  is  most 
of  the  list  of  topics  chosen  by  poling  the  participants;  no  information  was 
recorded  as  to  how  many  votes  were  for  each  topic. 

1.  Why  does  modified  lead  titanate  have  a  low  transverse  coupling  and 
what  are  the  latest  models? 

2.  What  are  the  latest  miniaturization  techniques? 


3.  Is  there  any  recent  information  on  high  displacement  actuators? 

4.  A  request  for  more  information  on  piezoelectric  motors  and  their 
applications . 

5.  What  activates  a  high  d  coefficient  in  piezoelectrics? 

6.  How  are  d"  and  k"  increased  in  porous  material? 

7.  Are  there  any  new  composites  with  large  hydrostatic  response? 

8.  A  request  for  discussion  on  the  strong  piezoelectric  response  of 
tunsten-bronze  material. 

9.  A  request  for  discussion  of  artificial  symmetry. 

10.  What  are  the  latest  advances  in  thin  film  piezoelectrics? 

My  notes  on  the  discussion  are  very  broken,  but  the  impression  is  still 
very  clear  that  the  roundtable  was  well  attended,  had  good  participation  by 
both  groups,  and  was  definitely  worthwhile.  Probably  more  than  half  of  the 
time  was  spent  discussing  the  piezoelectric  response  of  modified  lead 
titanate.  The  discussion  centered  on  trying  to  understand  the  recent 
Wersing  model.  As  usual,  there  was  a  heated  debate  as  to  the  role  of 
microcracking  in  decoupling.  The  consensus  still  seems  to  be  an  admission 
that  every  piezoelectric  ceramic  has  some  microcracking,  but  it  is  not 
significant  in  modified  lead  titanate.  There  is  still  a  strong  interest  in 
increasing  the  k  of  lead  titanate. 

Other  observations  are  the  following: 

Americans  do  not  generally  understand  piezoelectric  motors,  probably 
because  we  do  not  have  the  markets. 

Laser  enhanced  etching  may  open  new  approaches  to  the  fabrication  of 
high  frequency  resonators. 

There  are  now  five  manufacturers  of  0-3  composite  in  Japan  and  it  is 


probably  better  than  PVDF.  Also,  "someone"  now  has  a  0--3  that  works  at  13 
MHz.  Ask  Dr.  Cross  I 

In  conclusion,  I  felt  that  this  roundtable  was  very  helpful  and  would 
recommend  this  format  for  other  meetings.  One  improvement  would  be  the 
addition  of  a  large  writing  area. 

Company  Visitations 

I  do  not  use  the  common  term  plant  trips  because  I  saw  no 
manuf acturing . 

NEC 

The  NEC  format  was  very  disappointing,  but  we  were  treated  very  well. 
The  principal  interaction  was  15  minute  talks  by  both  US  and  Japanese 
participants.  All  the  technology  discussed  has,  I  believe,  been  previously 
presented  before  this  meeting.  I  personally  found  three  things  very 
interesting. 

There  is  a  Canadian  exchange  student  working  at  the  NEC  Central  Lab.  I 
believe  he  said  he  was  from  Dr.  Sayers  group. 

The  glass  fluxed  fully  integrated  interconnect  substrates  are 
impressive  when  you  can  actually  handle  them.  When  I  asked  about  their 
availability,  I  was  told  that  the  technology  was  being  transferred  to 
production.  I  believe  US  schools  and  industry  are  just  starting  in  this 
area  (excluding  IBM). 

They  have  been  working  on  combinations  of  antiferroelectric  and  relaxor 
ferroelectric  materials  for  dielectric  applications.  The  results  look  very 
similar  to  the  PLZT  work. 

Hitachi  Central  Laboratory 

The  Hitachi  tour  was  more  interesting  in  that  we  were  allowed  to  visit 
some  research  areas.  I  have  only  two  observations  that  may  be  useful. 

The  high  frequency  1-3  composites  seem  to  be  struggling  for  production 
level  applications.  The  medical  arrays  do  not  seem  to  be  significantly 


superior  to  displace  current  technology,  and  applications  such  as  speakers 
are  only  laboratory  exercises.  Also,  the  exhibit  on  1-3  composites  has  been 
removed  from  the  Hitachi  Laboratory  Exhibition  Hall. 

Hitachi  has  produced  very  good  quality  PbTi03  thin  film  epitaxed  on 
SrTi03  single  crystal  The  Pt  electrode  strips  disturb  the  crystallinity. 
When  I  asked  why  the  SrTi03  was  not  reduced  in  an  electrode  pattern  by  local 
diffusion  of  dopant,  they  wanted  to  drop  the  subject  and  then  admitted  they 
had  applied  for  a  patent  in  that  area. 
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THE  THIRD  U.S. -JAP AN  SEMINAR  ON 
DIELECTRIC  AND  PIEZOELECTRIC  CERAMICS,  AND  RELATED 
LABORATORY  VISITS,  NOVEMBER  8-19,  1986 


I.  INTRODUCTION 

This  third  joint  seminar  gave  another  outstanding  opportunity  to 
exchange  information  and  ideas  with  our  Japanese  colleagues.  The 
professional  relationships  developed  during  these  three  meetings  have 
given  valuable  insight  into  the  Japanese  technical  operation  and 
planning.  As  in  the  case  of  the  earlier  meeting  in  Japan  in  1982,  this 
meeting  offered  the  added  attraction  of  visits  to  various  laboratories 
and  production  facilities. 

The  seminar  was  again  characterized  by  a  Japanese  delegation  that 
was  mostly  industrial  and  a  U.S.  group  that  was  almost  entirely 
academic.  The  very  meager  participation  by  U.S.  industrial  scientists 
was  extremely  disappointing.  The  presentations  reflected  this  imbalance 
in  that  the  U.S.  posters  tended  to  be  more  basic.  As  before,  I  found 
the  Japanese  scientists  very  much  interested  in  the  application  of  our 
more  basic  approach  to  their  problems.  I  was  particularly  interested  in 
the  development  of  multilayer  ceramic  capacitors  (MLCs)  with  base  metal 
electrodes  (BMEs) .  I  first  heard  about  the  work  at  Murata  at  the  1982 
seminar,  and  at  least  three  Japanese  companies  are  now  manufacturing 
these  devices  in  significant  quantities.  In  the  larger  sizes  these 
capacitors  have  the  potential  for  replacing  solid  tantalum  capacitors 
for  some  applications.  I  have  emphasized  the  discussion  of  this  area  in 
this  report. 

I  am  also  interested  in  the  progress  in  Japan  in  applying  the 
principles  of  defect  chemistry.  While  the  group  at  Murata  does  this 
quite  successfully  in  their  work  on  dielectric  compositions  for  BMEs, 
the  effort  at  the  National  Institute  for  Research  in  Inorganic  Materials 
(NIRIM)  has  its  problems.  I  could  not  agree  with  the  interpretations 
offered  for  any  of  the  three  separate  projects  described  to  me. 

The  visits  to  laboratories  and  production  facilities  were  notable 
for  their  openness  and  candor.  For  example,  we  were  given  a  very 


thorough  tour  of  Murata's  main  production  plant  for  multilayer 
capacitors.  The  work  in  progress  in  various  laboratories  was  discussed 
in  detail,  and  while  it  is  unrealistic  to  expect  to  learn  about  their 
latest  hot  ideas,  the  discussions  were  reasonably  up  to  date.  Questions 
about  future  directions  and  plans  were  not  obviously  avoided.  I  thought 
that  this  attitude  was  quite  remarkable,  and  quite  a  contrast  to  the 
response  of  U.S.  industry  on  the  other  side  of  this  exchange.  Frankly, 
I  feel  that  I  now  know  more  about  the  Japanese  ceramic  capacitor 
industry  than  I  do  about  the  U.S.  counterpart. 

The  Seminar  and  the  visits  were  very  well  organized.  The  meeting 
facilities  made  available  by  YKK  were  outstanding.  The  cochairmen,  Dr. 
Freiman  and  Professor  Yamaguchi  deserve  congratulations  for  a  very 
well-run  meeting,  and  the  Office  of  Naval  research  and  Dr.  Pohanka 
should  be  commended  for  their  foresight  in  making  these  joint  meetings 
possible. 

The  report  is  divided  into  two  major  parts:  a  section  on  the 
seminar  presentations  of  particular  interest  to  me,  and  the  discussions 
concerning  them;  and  a  section  describing  visits  to  laboratories  at 
Murata,  NEC,  NIRIM,  and  Sumitomo,  and  to  the  Murata  multilayer  capacitor 
plant. 

II.  PRESENTATIONS  AT  THE  JOINT  SEMINAR 

M-20  Sakabe,  Takagi,  and  Wakino 

_ Murata _ 

This  was  an  update  of  the  work  presented  at  the  1982  Joint  Seminar 

about  a  dielectric  having  the  general  formula  (Ba,  Ca  0)  (Ti,  Zr  0.)  . 

1-x  x  m  1-y  v  2 

The  materials  retained  a  high  resistivity  when  fired  in  a  reducing 
atmosphere  compatible  with  Ni  electrodes  if  x  >  0  and  m  >  1.  My 
suggestion  at  that  time,  that  some  Ca  was  then  forced  onto  octahedral 
sites  where  it  serves  as  an  acceptor  impurity,  Ca^,  is  now  generally 
accepted . 

Murata  has  been  manufacturing  these  BME  multilayers  for  3  years  and 
is  now  producing  20  million  per  month.  They  expect  this  rate  to 
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increase  substantially  and  are  constructing  a  new  building  for  this 
purpose  (see  Section  III). 

This  start-up  and  rate  of  production  is  very  modest  compared  with 
the  predictions  heard  in  1982.  The  delay  seems  to  have  been  caused  by 
problems  with  the  high  temperature  leakage  current,  and  that  has  now 
been  solved  by  the  addition  of  a  low  temperature  anneal  after  sintering. 
This  application  of  basic  defect  chemistry  reduces  the  oxygen-excess, 
p-type  conduction  caused  by  the  high  acceptor  dopant  concentration. 
This  has  now  opened  the  way  to  a  large  market  in  the  0.1-100  uf  range. 
It  is  only  at  0.1  p f  and  above  that  the  cost-saving  in  electrode  metal 
is  sufficient  to  justify  the  additional  production  costs  of  the  BME 
process . 

M-19  Kishi,  Wada,  Murai,  Chazono,  and  Yamaoka 
_ Taiyo  Yuden _ 

Taiyo  Yuden  is  now  producing  5  million/month  of  their  own  version 

of  a  BME  multilayer.  Their  composition  is  described  as  (Ba  Sr  Ca  ) 

l  x  y  x  y 

(Ti,  Zr  )0_,  and  an  alkaline  earth  lithium  silicate  glass  is  added  as  a 
I-z  z  3 

sintering  aid.  Contrary  to  the  Murata  approach,  there  is  no  attempt  to 
make  the  ceramic  composition  rich  in  alkaline  earths.  Yamoaka 
indicated,  however,  that  the  Ca  content  is  necessary,  and  the  glass  must 
contain  alkaline  earths.  The  result,  I  believe,  is  that  the  ceramic 
takes  up  additional  alkaline  earths  from  the  glass  phase,  making  it 
alkaline  earth  rich,  and  forcing  some  of  the  Ca  onto  the  Ti-sites.  Thus 
in  a  rather  indirect  way,  a  composition  very  similar  to  the  Murata 
dielectric  is  achieved.  The  low  firing  temperature  ( 1 100- 1 200 °C)  makes 
it  unnecessary  to  give  these  units  a  separate  anneal  to  reduce  the  hot 
leakage . 


M-21  Fujikawa,  Yokoe,  and  Hamano 
_ Kyocera _ 

Kyocera  described  their  own  version  of  a  dielectric  for  BME 
multilayers  and  are  apparently  producing  a  few  million/month.  Their 
major  dopants  are  MnO  and  Y?0^.  The  MnO  serves  as  a  conventional 
acceptor  dopant  while  Y  0  helps  to  flatten  the  TC  curve.  The  use  of 


is  a  little  tricky,  as  we  have  shown  that  Y  can  act  as  a  Ba-site 

donor,  Y  ,  in  the  presence  of  excess  Ti0„.  That  would  tend  to  cancel 
Ba  2 

out  the  acceptor  effect  of  the  MnO  and  could  even  lead  to 
semiconduction,  but  it  appears  that  their  compositions  contain  more  Mn 
that  Y,  so  chat  there  is  still  a  net  acceptor  excess  no  matter  where  the 
Y  resides. 

W-21  Shirasaki  and  Haneda 
_ NIRIM  and  TDK _ 

This  poster  summarized  Dr.  Shirasoki's  personal  explanation  of 
semiconduction  in  donor-doped  BaTiO^.  This  has  been  published  before 
and  is  based  on  his  assertion  that  the  generally  accepted  model  cannot 
explain  some  observed  phenomena.  The  usual  model  is  that  the  donor 
impurity  substitutes  for  one  of  the  host  cations,  depending  on  its  size, 
and  gives  a  positively  charged  impurity  center  that  is  compensated  by 
free  electrons 

La203  +  2Ti02  - >-  2Laja  +  2TiTi  +  6°0  +  |  °2  +  2e’  (1) 

2BaO  +  Nb _0  - 2Ba  +  2Nbl.  +60  +  J  0,  +  2e'  (2) 

25  Ba  Ti  o  2  2 

This  is  in  agreement  with  a  wide  variety  of  experimental  evidence.  Dr. 
Shirasaki  proposes  that  the  donor  centers  are  compensated  by  cation 
vacancies  and  that  because  this  "loosens  the  lattice",  a  corresponding 
amount  of  oxygen  is  also  lost  leaving  oxygen  vacancies  and  electrons: 

La.O  +  3TiO_ - V  2La'  +  V"  +  3Ti_.  +80  +  \  0,  +  V”  +  2e ’  (3) 

Available  thermodynamic  evidence  does  not  confirm  the  "loosening  of  the 

lattice",  and  it  is  very  unlikely  that  the  system  would  choose  to  form 
so  many  more  defects  than  necessary.  Purported  difficulties  with  the 
usual  model  can  be  traced  to  misinterpretations  of  published  results.  I 
believe  that  the  proposed  model  is  clearly  incorrect. 


III.  PLANT  AND  LABORATORY  VISITS 


Murata:  Tour  of  MLC  Plant  In  Takefu 

The  capacitor  division  of  Murata  is  known  as  the  Fukui  Murata 
Manufacturing  Co.,  Ltd.,  and  is  located  primarily  in  Fukui  Prefecture 
near  the  Japan  Sea  north  of  Kyoto.  Four  major  plants  in  that  area 
produce  ceramic  capacitors  of  various  types: 


Takefu : 


Miyasaki: 


Ozawara: 


Shirayama : 


monolithic  chips,  1400  employees 

monolithic  epoxy  coated  radial  axial  and  molded  types 
(a  "new"  plant) ,  450  employees 
feed  through  and  wedge  shapes,  100  employees 
barrier  layer,  230  employees 


The  Takefu  plant  produces  1.2  billion  MLCs/month( ! ) ,  mostly  chips.  They 
also  produce  0.4  billion  very  small  chips/month  in  a  new  plant  in  Izumo, 
further  west  along  the  coast.  This  plant  is  described  as  having  twice 
the  area  of  the  Takefu  plant.  They  also  manufacture  0.4  billion 
MLCs/month  in  Singapore,  and  0.6  billion  discs/month  at  Yokaichi  near 
Kyoto.  The  engineering  staff  in  the  three  main  Fukui  plants  totals  620, 
almost  all  college  graduates.  This  includes  a  substantial  number  who 
design  almost  all  of  their  product  equipment. 

Capacitor  sales  by  Murata  totaled  $322,000,000  in  1985,  an  increase 
of  40%  over  the  previous  year  (!).  This  is  38%  of  total  Murata  sales. 
39%  of  their  total  sales  are  outside  of  Japan;  17%  go  to  North  and  South 


America.  Murata  claims  to  have  50%  of  the  world  market  in  MLCs . 


On  November  13,  we  toured  the  main  MLC  plant  in  Takefu.  This  is  a 
very  well  maintained  complex  of  about  eight  buildings.  We  were  given  a 
complete  and  open  tour  of  all  phases  of  the  production  process.  Up  to 
the  firing  step,  everything  was  done  under  Class  10,000  clean  room 


conditions.  We  could  not  enter  these  areas,  but  there  were  sufficient 


windows  to  give  a  good  view. 

There  was  nothing  particularly  remarkable  about  their  production 
process;  the  procedures  were  quite  traditional.  It  was  all  done, 
however,  in  a  very  neat  and  well-organized  environment,  and,  of  course, 


on  an  enormous  scale.  As  indicated  earlier,  they  design  and  build  most 
of  their  production  equipment.  I  was  particularly  impressed  by  their 
test  facility,  where  chips  were  being  automatically  loaded  into  each 
test  stand  at  the  rate  of  5/second.  Each  chip  is  tested  for 
capacitance,  dissapation  factor,  leakage  current  at  two  voltage  levels, 
and  subjected  to  a  flash  voltage.  They  had  100  test  stands  giving  a 
total  capacity  of  1.8  million  chips/hour. 

The  BME  units  are  fired  in  atmosP^eres  wibh  oxygen 

activity  being  measured  with  zirconia  sensors.  They  are  constructing  a 
new  building  that  will  be  devoted  to  BKE  production.  It  appears  that 
they  will  be  producing  about  100  million/month  within  2-3  years.  It  is 
obvious  that  Murata  is  very  serious  about  the  BME  market.  They  see 
these  units  in  the  higher  capacitance  range  as  low-cost  replacements  for 
solid  tantalum  capacitors. 

BME  capacitors  are  also  produced  by  Murata-Erie  in  the  U.S. 
Interestingly  enough,  they  use  a  totally  different  composition  that  is 
not  initially  acceptor-doped.  They  fire  near  the  Ni-NiO  equilibrium 
condition  with  the  result  that  some  Ni  is  oxidized  and  dissolved  into 
the  ceramic  where  it  becomes  the  acceptor  dopant. 

Murata  feels  that  the  more  highly  conducting  Cu  would  be  necessary 
only  in  high  frequency  NPO  units.  They  are  working  on  a  (Mg-Ca)TiO^ 
composition  with  a  k  of  20,  but  it  is  not  yet  in  production. 

They  profess  to  have  no  reliability  problems  with  the  BME  units, 
and  expect  that  they  will  soon  be  able  to  guarantee  a  failure  rate  below 
10  ppm/1000  hours.  At  that  point  customers  will  not  need  to  use  an 
incoming  inspection  test. 

On  November  14,  we  visited  the  Murata  Research  Laboratory  at 
Nagaokakyo-shi,  near  Kyoto.  Once  again  we  had  a  very  open  tour  and  saw 
a  very  well-equipped  laboratory.  I  was  asked  to  give  a  presentation  of 
the  material  included  in  my  poster  from  the  Joint  Seminar. 

My  hosts  for  the  Murata  visit  were  Dr.  K.  Wakino  and  Mr.  Y.  Sakabe. 


NEC:  Visit  to  Research  Laboratory 

On  November  17  we  visited  the  Central  Research  Laboratories  of  NEC 
in  Kawasaki  City.  The  hosts  were  Drs.  M.  Yonezawa  and  T.  Ohno.  About 


five  months  ago,  a  Materials  Development  Center  under  the  direction  of 
Dr.  Ohno  was  formed  separately  from  the  Fundamental  Research  Laboratory. 
Dr.  Yonezawa  heads  the  Materials  Research  Laboratory  in  the  latter 
organization.  The  organization  and  topics  covered  are  summarized  as 
f  dIIows : 

A.  Fundamental  Research  Laboratories 

1.  Exploratory 

III-V  compounds,  molecular  beam  epitaxy 
Bioelectronics 

Ultrafine  structures,  focused  ion  beams 
Computational  physics  and  chemistry 
Radiation  sensitive  organic  materials 

2.  Semiconductor  Research  Laboratory 

Si  crystals 
III-V  crystals 

Material  and  device  process  evaluation 

3.  Materials  Research  Laboratory  (M.  Yonezawa) 
a.  Electronic  ceramics 

i.  Low  firing  X7R  MLC  composition 

Pb (Mg: /2W1  ) 03-PbTi03-PbZr03 ,  modified 

with  about  2  mol  %  PbtMn^^Nb^^^) 
to  meet  X7R 
k  -  2300 
DF  -  0.9 7. 

IR  -  3800  Megohm  uF  (25°) 

1000  (125°) 

Firing  temp.  980® 

No  failures  with  50  volts  on  18  ym  layers  at  145® 

Now  moved  to  production  (80  million/month) 
ii.  Ultrafine  powders 
RF  plasma  CVD 

Nitrides  (AIN),  carbides,  oxides 


iii.  New  functional  thin  films 
High  thermal  conductivity 


diamond 

amorphous  carbon 
Ferroelectric  thin  films 
BaTi03 

Ba (Ti.  Zr  )0_ 

1-x  x  3 

PbTi03 
PLZT 
iv.  Metals 

Rapid  quench 

(Ta-W)-Si-B,  Nb3Ge  high  crystallization 

temperatures  for  ICs,  to  survive  processing 
without  crystallization 
Artificial  superstructure 

Mo/Ni,  Co/Cr,  metal/insulation 

B.  Materials  Development  Laboratory  (Ohno) 

1st  Development  Department  (Takahashi) 

1.  Optoelectronics 

Laser  hosts 
Nd-YAG 

Gd3Sc2Ga3012:Nd,Cr 

2.  Piezoelectric  devices 

Sonar  (broad  band)  for  Mn  modules 
Multilayer  actuator  for  ink  jet  printer  head  - 
will  be  on  the  market  soon 
Ceramic  filter  for  1.544  Mhz.  communication  system 
Sr2Nb202  and  Sr2Ta202  single  crystals.  (This  was  of 
interest  to  me  because  we  are  studying  the  defect 
chemistry  of  these  materials.) 

2nd  Development  Department  (Takamizawa) 

1.  Low  firing  multilayer  substrates  for  high  speed  computers 
Pb  borosilicate  glass:  ^2^3  weight  % 

Firing  temp.  900° 
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k  -  7.5 
DF  -  0.32 
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p  •  3  x  10  0cm 
Strength  3000  kg/cm2  Al^O^) 

Thermal  cond.  0.01  cal/deg  cm  sec  (<  Al^O^  but  ^ 
for  high  speed  computers) 

Metallization:  Au,  Ag-Pd,  Ag 

2.  Monolithic  multicomponent  ceramic  substrate 

Insulator  -  same  as  above 

Dielectric:  Pb (Fe2^W1  ^)03  •  Pb (Fe^ ^Nbj /2> °3 
k  -  7000 
Resistor:  RuO^ 

Important  to  match  the  shrinkage,  especially  of 
insulator  and  dielectric 

Capacitance  and  resistance  as  an  integral  part  of 
the  substrate 

3.  AIN 

Multilayer  structures  with  3  metallized  layers 


C.  Optoelectronic  Research  Laboratories 

1.  Basic  OE  Research 

crystal  growth  and  processing,  quantum  effect  optical 
devices 

2.  0E  Device  Research  Laboratory 

optical  single-crystal  devices  for  communication  and 
information  processing 

3.  OE  Equipment  Research  Laboratory 

systems  research  lab 

optical  communication  and  switching 

gas  lasers 

4.  Display  Device  Research  Lab 


National  Institute  for  Research  in  Inorganic  Materials  (NIRIH)" 
NIRIM  was  the  first  organization  to  be  located  in  Tsukuba  Science 
City  (1972),  where  46  national  laboratories  and  universities  are 


currently  located,  about  40  miles  northeast  of  Tokyo.  It  is  a  major 
national  laboratory,  devoted  mostly  to  research  on  ceramic  materials. 
They  work  closely  with  industries,  including  a  system  for  Visiting 
Research  Officers,  and  their  main  goal  is  to  transfer  technology  from 
the  laboratory  to  an  industry.  NIRIM  is  one  of  six  national  research 
laboratories  "attached"  to  the  Science  and  Technology  Agency  that 
reports  directly  to  the  Office  of  the  Prime  Minister.  A  number  of  other 
laboratories  are  part  of  the  Agency  of  Industrial  Science  and 
Technology,  part  of  MITI  (Ministry  of  International  Trade  &  Industry) . 

NIRIM  operates  on  a  "group  system".  Groups  are  formed  to  attack  a 
specific  problem,  usually  for  a  period  of  five  years.  The  project  is 
then  reviewed  and  either  terminated  or  extended  for  a  fixed  period. 
Thus  the  staff  is  in  a  constant  state  of  flux  as  groups  are  started  up 
and  terminated.  The  distribution  of  groups  in  1986  is  indicated  on  the 
following  page. 

My  host  was  Dr.  S.  Shirasaki  and  we  quickly  agreed  not  to  discuss 
the  defect  chemistry  of  perovskites  because  "we  have  a  difference"  (see 
the  earlier  discussion  of  paper  W-21).  Instead,  I  had  technical 
discussions  with  four  groups: 

1.  ZnO  varistor.  It  was  observed  that  ZnO  doped  with  Li^O  is  an 
insulator,  while  when  doped  with  Al^O^  it  is  a  semiconductor.  This  is 
exactly  what  is  expected  for  a  reduction-type  semiconductor;  A1  is  a 
donor  impurity  Al_  compensated  by  electrons.  Once  again,  however,  the 
semiconduction  is  attributed  to  a  combination  of  oxygen  vacancies  and 
electrons.  Actually  the  concentration  of  oxygen  vacancies  will  be 
suppressed  by  donor  impurities,  since  they  are  both  positively  charged. 

2.  Effect  of  impurities  on  the  anatase-rutile  transition  in  TiO^. 

Dy,  among  others,  was  found  to  affect  the  transition  temperature, 

•  •  • 

and  this  was  attributed  to  its  presence  as  an  interstitial  donor  Dv^ 

I  would  expect  it  to  be  a  substitutional  acceptor,  Dy^,  since  that- is  a 
less  highly  charged  defect. 


•  ^ *vrvTv*  *v v,  -r.  v; 


3.  Easily  sintered  perovskite .  This  was  reported  to  be  in  use  by 
50  companies.  The  concept  seems  to  be  to  accomplish  a  two-phase 
precipitation.  For  PZT,  for  example,  a  solution  of  Pb  +  Zr  is 


precipipated  with  NH^  to  give  PZ  with  residual  Pb  in  solution.  TiCl,  is 


then  added  to  precipitate  PT.  The  mixture  is  calcined  at  700-900°  to 
give  a  particle  size  of  0.02  urn.  When  made  in  this  way,  PLZT  can  be 


sintered  in  air  to  tranparency,  and  Ba(Zn  ^  j^)^  can  be  sintered  at 


1200°  with  near  theoretical  density  being  achieved  at  1400°. 
It  is  not  clear  to  me  how  or  why  this  works. 


4.  Electron  microscopy.  NIRIM  has  a  very  well  equipped  laboratory 
with  very  competent  staff  (Drs.  Bando  and  Horiuchi) .  They  have  had  a 
1.25  MeV  microscope  for  about  10  years.  It  has  a  resolving  power  of 
1.6  A,  and  has  been  heavily  used  to  obtain  some  excellent  lattice  images 
for  a  variety  of  materials.  It  is  interesting  to  note  that  a 
400  keV  microscope  that  they  have  had  for  about  3  years  (JEM-4000EX) 
gives  equivalent  results.  We  will  be  receiving  a  similar  instrument 
(Phillips  430)  at  Lehigh  in  about  four  months. 


Sumitomo  Metal  Mining  -  Ichikawa 


My  final  visit  was  on  November  19  to  the  Central  Research 
Laboratories  of  Sumitomo  Metal  Mining  Co.  My  host  was  Mr.  Ko  Takada, 
who  had  just  returned  after  spending  nearly  two  years  in  our  laboratory. 
This  is  a  very  well  equipped,  laboratory  working  on  a  variety  of 
ceramics-related  projects. 

Mr.  Nishii  described  the  activities  of  the  Applied  Chemistry  Team 
that  is  working  on  powder  preparation  and  applications.  They  are 


investigating  ceramics  (Si^N^,  PSZ,  ZrO^)  ,  electronic  ceramics  (PZT 


Ba-ferrite) ,  monodispersed  spherical  powders  (TiO^j  ZrC^.  PSZ,  SiO^, 


Ta^O^,  ^2^5  0.2-0. 7  pm) ,  and  ultrafine  powders  (Ta,  W,  Nb,  Si^N^ ,  BN, 


borides,  carbides).  They  use  wet  processes: 


controlled  precipitation  and  sol-gel,  including  multistage 
precipitation  (see  visit  to  NIRIM) 
hydrolysis  of  alkoxides 


**  ■  "V  *  * 


hydrothermal, 
hybrid  DC  +  RC  plasma. 

Mr.  Nomura  described  his  work  on  microwave  ceramics.  With  the 

addition  of  1 Z  Mn ,  they  can  sinter  Ba  (Mn^^Ta2/3^3  t0 

theoretical  density.  This  gives  a  Q  of  16,800  and  k  of  25  at  10.5  Ghz 

with  a  temperature  coefficient  of  3  ppm/0C.  Dr.  Matsumoto  and  Mr.  Hiuga 

described  a  rapid  sintering  process  for  BMT  without  addition  of 

impurities.  They  lower  the  sample  into  the  furnace  at  1650°  for  5  min. 

This  gives  a  cubic  structure  without  pyrochlore  phase,  although  a  small 

amount  of  BarTa,0,r  is  sometimes  detected.  An  anneal  in  0„  for  100 
5  A  15  2 

hours  at  1450°C  gives  an  ordered  structure.  Q  goes  up  with  density  and 
ordering.  They  make  about  100  units/month  for  special,  high-priced 
applications,  such  as  satellites. 
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UNIVERSITY  TURNER  LABORATORY  FOR 


ELECTROCERAMICS 


December  29,  1986 


Dr.  Stephen  W.  Freiman 
National  Bureau  of  Standards 
Gaithersburg,  MD  20899 


Dear  Steve: 


Enclosed  is  my  trip  report  for  the  Third  U.S. -Japan  Seminar 
on  Dielectric  and  Piezoelectric  Materials.  It  was  a  long  trip  for 
me  but  I  feel  it  was  worthwhile. 


Sincerely, 


Robert  W.  Vest 
Turner  Professor  of 
Engineering 


ROT :  tie 


Enclosure 
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!5  A.  A.  Potter  Engineering  Center 
West  Lafayette,  Indiana  47907 
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TRIP  REPORT  -  Robert  W.  Vest 


Third  U.S.:  Japan  Seminar  on  Dielectric  and  Piezoelectric  Ceramics. 

November  9-12,  1986,  Toyama,  Japan 

Summary  and  Recommendations 

My  overall  impression  was  very  favorable  and  I  think  this  seminar  should 
be  continued.  The  primary  benefits  to  the  U.S.  are  in  the  contacts  established 
between  individual  scientists,  which  will  lead  to  closer  liaison  in  the 
future;  the  technical  aspects  alone  would  not  justify  the  expense  involved. 

The  hospitality  shown  the  American  attendees  was  outstanding,  and  we  should 
try  very  hard  to  reciprocate  in  1988. 

The  format  of  4  minute  presentations  followed  by  the  poster  sessions 
worked  reasonably  well  and  I  cannot  think  of  a  better  way  to  handle  that 
many  papers.  Certainly,  there  should  not  be  parallel  sessions.  The  con¬ 
ference  organizers  should  try  harder  to  get  accurate  information  to  the 
authors  on  the  size  of  the  posters;  there  was  much  more  space  available  than 
we  had  been  told.  The  program  chairmen  should  also  try  harder  to  only 
solicit  papers  covering  research  done  during  the  previous  2  years.  For 
example,  Banno's  paper  was  essentially  the  same  one  he  presented  at 
Williamsburg  in  1984.  Some  changes  should  be  made  if  roundtable  discussions 
are  to  be  kept  as  part  of  the  format.  The  one  on  Processing  turned  out  to 
be  a  semi-circular  table;  it  was  only  the  American  half  that  said  anything. 
Perhaps  it  would  help  if  one  representative  from  each  country  prepared  a 
short  list  of  topics  which  he  knows  scientists  from  his  country  w7ill  address 
in  order  to  get  the  discussion  started. 

We  should  seriously  consider  organizing  a  Satellite  Symposium  for 
scientists  and  managers  from  U.S.  industry  to  follow  the  1988  Seminar.  If 
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